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1.0 Project Description
The purpose of this project was to analyze Orange County Convention Center billing data, make
energy efficient recommendations and specify the qualities of an energy information system
(EIS) that will enhance OCCC’s energy management program.
The Orange County Convention Center (OCCC) has the 2nd largest convention exhibition space
in the nation. Two primary buildings provide about seven million square feet of conditioned
space to approximately 1.5 million visitors each year. In efforts to reduce energy consumption,
OCCC began implementing several energy conservation measures beginning in 2005 and
continuing over the last 2 years with plans to continue additional efforts in the future.
It appears that substantial reductions in electricity and chilled water have resulted from energy
management measures. Based on a billing analysis completed by the Florida Solar Energy Center
(FSEC) from 2005 through June 2007, the overall combined savings of chilled water and
electricity for both buildings are estimated to be $2,213,552 per year compared to the energy
used during 2005. This is an 18.3% reduction in electricity and chilled water expenses compared
to 2005 usage normalized by weather. Given that some expenses are paid for based on expected
savings of energy, it is desirable to have feedback about the cost-effectiveness of specific
measures.
The savings related to most individual measures cannot be evaluated using monthly utility data
for a few reasons. One reason is that many measures involved a large scale of work and had to be
completed over a period of time spanning from one month to another. This results in very few
data points available for comparison. For example, implementation of a HVAC improvement
may involve nearly 100 units that could take several weeks to have all completed. A second
reason is that more than one measure occurred during the same time as others. Reductions in
energy measured in utility billing will represent the combined impact of all measures in place.
The last reason offered here is that the impact of a measure that reduces the whole building
energy by 1% is not measureable with reasonable certainty when the whole building energy use
can easily vary +/- 5% related to variability in weather and occupancy from one month to the
next.
This means that energy management projects that are of smaller scale relative to the whole
building energy must be measured through sub-metering. Metering of each specific point to be
evaluated is the most accurate method, but can be too expensive. Monitoring of smaller branches
of energy supplies lines can be a reasonable compromise between accuracy and cost.
Implementation of an EIS is a proposed measure being considered by OCCC that would provide
the ability to evaluate more specific energy usage with higher resolution.
This report will discuss details about the billing analysis and offer recommendations for future
energy management measures. Recommendations for an EIS will be discussed as well as
specific qualities an EIS at OCCC should have.
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2.0 Executive Summaries
Due to the diverse nature of this project, three separate executive summaries have been created to
discuss results of 1) billing analysis, 2) energy-saving analysis and recommendations and 3) EIS
recommendations.
2.1 Executive Summary of Energy Billing Analysis
The primary objective of this study was to evaluate and report on gross energy savings related to
previously completed energy management measures at the West and North/South buildings of
the Orange County Convention Center (OCCC). An energy billing analysis study began during
the summer of 2007 based on collected electricity and chilled water energy utility bills from
January 2005 through June 2007.
Three periods during 2005, 2006 and 2007 were identified that represent different stages of
energy management efforts. The most significant efforts were completed by the latter half of
2005 with additional efforts completed in 2006. Figures 1 and 2 show a substantial reduction in
monthly energy costs from 2005 to 2007. Since rates change from month to month and tend to
increase year after year, the costs are shown using the same rates derived from an average of
2007 rates. Much of the variability seen in these graphs for a given month from year to year is
explained by changes in weather. Because weather has significant impacts upon energy usage,
data was normalized using outside weather conditions in linear regression least- squares analysis
explained in further detail later in this report. Adjustments made for variability in occupancy did
not explain the remaining variability in best-fit linear regression analysis.

Figure 1 monthly cost for electricity kWh, kW and chilled water ton-hours
and tons (excludes taxes and fees).
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Figure 2 monthly cost for electricity kWh, kW and chilled water ton-hours
and tons (excludes taxes and fees).

Conclusions
This study finds substantial reductions in electricity and chilled water energy have occurred in
the West and North/South buildings of the OCCC. Based on normalized utility billing analysis,
the total West building energy cost reduction is calculated to be $1,223,837. This is a 15.2%
reduction in cost from normalized 2005 usage calculated at 2007 costs. Reduction in the North /
South building is calculated to be $989,715 per year and is a 24.4% reduction from normalized
2005 usage at 2007 costs.
Overall combined savings of chilled water and electricity for both buildings are estimated to be
$2,213,552 per year compared to the energy used during 2005. This is an 18.3% reduction in
electricity and chilled water expenses compared to 2005 usage normalized by weather.
Cost savings are broken down by electric consumption and demand and chilled water
consumption for each building year by year in Tables 1 and 2. No savings are shown for chilled
water demand (not shown in tables) in both buildings or in coincident peak kW for North / South
building since contractual minimums are greater than actual demand.
Table 1. West building total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

2005 to 2006
2006 to 2007
2005 to 2007

kWh
$ saved
$352,769
$204,420
$557,189

Peak kW
$ saved
$44,072
$15,144
$59,216

Off-peak kW
$ saved
$39,836
$14,774
$54,610

Ton-hrs
$ saved
$228,724
$324,098
$552,822

Total
$ saved
$665,401
$558,436
$1,223,837
4

Table 2. North/South total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

kWh
$ saved
2005 to 2006
2006 to 2007
2005 to 2007

$475,545
$90,216
$565,761

Peak kW
$ saved
$93,504
$5,859
$99,363

Coincident
peak kW
$ saved*
$0
$0
$0

Ton-hrs
$ saved
$222,635
$101,956
$324,591

Total
$ saved
$791,684
$198,031
$989,715

* Average monthly coincident peak kW has been reduced 25.6% from 2005 to 2007; however OUC bills a minimum
6000 kW.

Energy density is a metric that presents the energy use of a facility on a per square foot basis.
This is a convenient way to compare the energy use in buildings of different size and is useful
when the buildings being compared have similar functions. OCCC energy density was calculated
based on electricity kWh and kWh used for chilled water in the West and North/South buildings.
The chilled water energy consumed (ton-hours) was converted to kWh assuming a chiller plant
chilled water production and distribution of 0.80 kW per ton.
Combining electricity and chilled water consumption of 2007 results in an average monthly
energy density in the West building of about 1.3 kWh/ft2 and 0.8 kWh/ft2 in the North / South
building. The newer controls and technology of the North/South building are more effective in
controlling indoor conditions and conserving energy. This is one reason the energy density is
about 1.6 times greater in the West building. Variable frequency drive (VFD) controls that allow
air handling fans to be run at slower speeds can improve humidity control in buildings designed
with cooling capacities much larger than is needed much of the time. Humidity is under control
in the West building, but requires more air conditioning to do so without the VFD equipment
used in the North/South building. Current plans of OCCC staff to install VFD on air handler
fans should result in good humidity control and much more electricity savings in the West
building.
Emerging new low energy commercial buildings are reported to have an energy density ranging
from 0.349 to 0.697 kWh/ ft2 per month. This suggests there are more opportunities for
conservation and that appropriate future energy management plans at OCCC should successfully
result in additional savings.
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2.2 Executive Summary Review of Energy Management Programs
Recommendations have been developed to reduce energy consumption and utility bill costs for
the West Building and the North/South Building. These recommendations focus almost
exclusively upon the HVAC systems because it is in the HVAC systems that the greatest
majority of the building energy consumption is occurring. There are a total of 24
recommendations for the West Building and 14 recommendations for the North/South Building.
The largest energy savings are associated with reduction in ventilation rates and scheduling a
reduced number of hours of HVAC system operation.
Identified savings in the West Building are substantially greater than for the North/South
Building. There are three factors that account for most of this difference. 1) Outdoor air flow
rates are controlled through the BAS and by means of CO2 demand control in the North/South
Building, but not in the West Building. 2) AHUs are kept shut down a greater proportion of the
time, especially in the Atrium and Meeting Rooms in the North/South Building. 3) Most of the
AHUs in the North/South Building are VAV, allowing considerable fan power savings and
associated chilled water savings.
Estimates of potential energy savings are presented for 9 of the 24 measures in the West Building
and 8 of the 14 measures in the North/South Building. For those without indicated savings, too
little is known about the current energy usage to be able to develop a meaningful savings
estimate. Costs to implement these recommended measures are provided for a few cases. In a
substantial number of cases, the cost is listed as NC (no cost or limited cost). In many cases,
these NC items will involve OCCC staff time to make changes to BAS settings or modify BAS
programming. In other cases, it may be necessary for OCCC to hire outside expertise to
implement the BAS programming changes. For the remaining cases, mostly labeled with NA, the
information required to make a cost estimate is not readily available or the time that would be
required to obtain reasonably reliable cost estimates would be beyond the scope of this project.
Tables 3 and 4 summarize the recommended measures along with estimates of savings and in
some cases estimated implementation costs.
The projected savings represent a substantial reduction from current levels. The projected
savings, of the measures having savings estimates, represent 29% of the current utility cost in the
West Building. For the North/South Building, the projected savings represent 17% of the current
utility cost.
The calculated/estimated savings of the two buildings together are presented for 17 of the total
38 recommendations. These 17 measures are projected to save $2.9 million/year, representing
savings of 25% from current utility bills. Savings from other measures, for which savings
estimates were not prepared, would of course add to this amount. It would be reasonable to
expect that implementation of all listed measures could produce savings in the range of 30% to
35% of the current total utility bill. Since the OCCC utility bills for electricity and chilled water,
corrected for that consumed at the Central Energy Plant, is approximately $11.5 million per year,
total projected savings from all 38 measures may be on the order of $3.5 million to $4.0 million
per year.
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Table 3. West Building recommended measures for energy savings (NA = not available; NC =
no cost or limited cost, which may involve BAS programming).
MEASURE

Savings
(kWh/yr)

Savings
(ton-hrs/yr)

Savings
($/yr)

Cost ($)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Building automation system
NA
NA
Recommissioning HVAC
NA
NA
Reduce OA (across the board)
4,950,000
$470,000
NA
Reduce OA (demand control)
2,950,000
$280,000
$414,000 1
Examine exhaust airflow rates
NA
NA
CO2 sensor calibration
NA
NA
RH sensor calibration
NA
NA
CW pump static pressure reset
625,000
$50,000
NC
HVAC scheduling
6,570,000
1,870,000
$703,000
NC
VFD fan control
NA
NA
Convert AHUs to VAV
4,500,000
1,280,000
$482,000
NA
Raise thermostat settings
900,000
$85,000
NA
Replace two chillers (Phase 2a)
660,000
$53,000
$240,000 2
AHU static pressure reset
800,000
228,000
$86,000
NC
Exhibit hall doors
NA
NA
Phase 1 hot water loop temp. reset
NA
NC
Increase heating/cooling temp. bias
NA
NC
Correct Phase 1 AHU condensation
none
NA
Modulate Phase 1 OA flow
NA
NA
Repair/modify Phase 1 AHUs
NA
NA
3
$152,000
NA
Increase CW Delta-T
Modify Phase 2 multi-zone AHUs
NA
NA
Adjust Phase 4 economizer cycle
NA
NA
Lower concourse heating setpoints
NA
NA
SUM
$2,361,000
1
Cost is based on $2,000 per AHU.
2
Cost is based on installed cost of $600 per ton for these chillers.
3
Savings occur not from energy use reduction but from delta-T adjustment in OUC’s billing formula

Table 4. North/South Building recommended measures for energy savings (NA = not available;
NC = no cost or limited cost, which may involve BAS programming)
MEASURE
kWh
Ton-hours
Savings ($/yr) Cost ($)
Recommissioning HVAC
NA
NA
Reduce OA (across the board)
950,000
$90,000
NA
Reduce OA (demand control)
99,000
$9,400
NC
Examine exhaust airflow rates
NA
NA
RH sensor calibration
NA
NA
AHU static pressure reset
1,080,000
307,000
$116,000
NC
Expand range of VAV operation
678,000
190,000
$72,000
NC
CW pump static pressure reset
375,000
$30,000
NC
HVAC scheduling
460,000
130,000
$49,300
NC
CO2 sensor calibration
NA
NA
Raise thermostat settings
1,030,000
$98,000
NA
Increase heating/cooling temp. bias
NA
NC
Reduce loading dock EA fan time
NA
NC
Increase CW Delta-T 1
$101,000
NC
SUM
$565,700
1
Savings occur not from energy use reduction but from delta-T adjustment in OUC’s billing formula.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
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2.3 Executive Summary Energy Information System Options
An Energy Information System (EIS) is designed to consolidate different types of energy-related
data, store data and organize it into useful summaries. The primary goal of utilizing an EIS is to
minimize energy expenses and waste by allowing fast and easy access to information that can be
used in energy management programs.
Currently OCCC has energy management programs that have substantially reduced energy
consumption, but given the size and complexity of both buildings of the Orange County
Convention Center, more opportunities for energy saving programs still exist. One of the
challenges in managing energy programs is deciding where money is best spent. This involves
some information and analysis to determine the cost and likely savings. Since most energyrelated improvements are chosen based on expected savings of energy, it is desirable to have
feedback about the cost-effectiveness of specific measures.
The savings related to most individual measures cannot be evaluated accurately using monthly
utility data for two main reasons. The first reason is that many measures involve a large scale of
work and have to be completed over a considerable span of time. This results in very few data
points available for comparison. For example, implementation of an HVAC improvement might
involve nearly 100 units that could take months to complete. The second reason is that the
impact of a measure that reduces the whole building energy by 2% or 3% is not measureable
with reasonable certainty when the whole building energy use can vary +/- 5% related to
variability in weather and occupancy from one month to the next.
Energy management projects that are of smaller scale relative to the whole building energy can
be measured through sub-metering. Metering of each specific point to be evaluated is the most
accurate method, but can be too expensive. Monitoring of smaller branches of energy supply
lines can be a reasonable compromise between accuracy and cost. Implementation of an EIS is a
proposed measure being considered by OCCC that would provide the ability to evaluate more
specific energy usage with greater accuracy and increased collection frequency.
It is recommended that OCCC install an EIS. Several important recommendations and
limitations are discussed in the report titled “Orange County Convention Center Energy
Information System Recommendations” which can be found in Appendix D of the final project
report “Orange County Convention Center Energy Analysis and Energy Information System”.
The functional requirements are written in Appendix E of the same final report.
The primary benefits of an EIS at OCCC are listed below.
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An EIS can:
1) provide more accurate evaluation of future energy management projects.
•

Allows more qualitative analysis using data summaries at daily or better
resolution. This provides a much greater potential for disaggregating “before and
after” energy consumption, thereby increasing confidence in indicated results.

•

Provide experimental capacity to try smaller scale project to evaluate costeffectiveness before committing investment to full-scale.

2) provide energy information to be used to verify utility billing accuracy.
3) allow convenient easy-to- use access through any web browser.
4) consolidate different types of measurements, and store and organize data.
5) scan data for over-range or error warnings that can be used to generate a communication
to designated staff to evaluate equipment or sensor problems.
6) provide simple reports using graphic or tabular summaries about energy use and trends.
•

Pre-configured reports will save time involved in gathering data, organizing and
summarizing data.

7) enable comparison of energy use to a chosen baseline or goal.
•

Quantities, time of use, or other trends can be compared to a baseline to verify
that usage has not unexpectedly increased.

•

If energy is greater than expected for a specific building, then more detailed
information can be pulled from EIS such as report of each electric meter to
identify the zones with greatest change in use. If specific equipment is monitored
by the EIS, then those can also be looked at to determine the cause of greater use.

8) provide a way to monitor specific areas where it is difficult to control energy use.
•

Can monitor equipment that must be manually shutdown in areas that possibly
remain unoccupied for long periods.

•

Verify the shut-down of equipment used by vendors or other subcontractor areas
that are unoccupied for long periods. This could include food court areas.
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3.0 Energy Billing Analysis
Energy billing analysis was completed for two buildings, West and North/South, from the period
January 2005 through June 2007. The monthly utility billing data came from two different
electric utilities of Progress Energy and Orlando Utilities Commission (OUC) as well as two
different chilled water bills from OUC. Weather data was collected from Orlando International
Airport and occupancy data was provided by OCCC. A formal report discussing all details of
Tasks 1.0-1.3 has already been written and is provided in Appendix A of this report.
3.1 Obtain energy bills and occupancy data
Energy billing data collection began after a project meeting kickoff meeting on June 28 at OCCC
administration office. OCCC administration provided examples of bills and explained intricate
details associated with OCCC utility expenses. FSEC and OCCC staff experienced some delay in
receiving response from OUC regarding billing information related to which electric accounts
were part of the central chiller plant and explanations about billing nomenclature. The electrical
energy from the central energy plant was critical to know since it had to be subtracted from the
west building total power since OUC is the owner operator of this plant. Most of the billing data
was received by July 31 with the arrival of the last two months of chilled water data required for
analysis received on September 11.
3.2 Normalize data to weather and occupancy
Electricity and chilled water energy was analyzed using linear regression analysis. Outside
weather factors and occupancy factors were evaluated to determine if normalization improved
the data analysis. The outdoor weather temperature provided significant improvement while the
occupancy data provided did not. It is believed that occupancy does matter to some degree, but
that if makes sense that no significant improvement is observed due to the low ability to match
specific energy during specific occupancy of monthly data. Monthly data resolution can result in
significant averaging that diminishes the ability to compare certain details such as the impact of a
large group occupancy during two days when the rest of the month had very little occupancy.
3.3 Graph trends
Details of results are shown in graphs, and conclusions are discussed in the billing analysis report
located in Appendix A.
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4.0 Review of Energy Management Programs
4.1 On-site walk-through
The first site walk-through occurred on June 28 with a tour of the West and North/South building
areas representative of service corridors, meeting rooms, exhibit halls, concourses, pump rooms,
electric service rooms, and AHU rooms. Some follow-on tours of key study areas occurred at
later dates associated with staff interviews and data collection efforts.
4.2 Interview of key staff
Interviews occurred during on-site visits and through phone or email contact. On-site visits were
generally more productive than time-consuming searches of key design documents as it allowed
quicker access to details. FSEC staff met with staff at OCCC on at least 9 different occasions.
The purpose of these meetings was to gather detailed information about building automation and
data communication systems, energy-related data collection, HVAC systems and controls, and
lighting systems. James Haggard made two trips to talk to information technology staff and tour
facilities. HVAC information obtained was related to equipment, sequence of operations,
schedules and controls. Meetings were held with Brian Kennedy and Michael Higgins regarding
the North/South building, and with Dave Williams and Tom Meyer regarding the West building.
Jim Cummings met with Dave Williams on several occasions (including July 17, July 26, and
August 10) to gather detailed information about the operation of HVAC systems and controls in
the West Building. Time was also scheduled with Jude Gold to review data from the OCCC
document rooms of both buildings.
4.3 Review EMS data capability
Energy management systems offer the opportunity to trend specific data measurements such as
temperatures, relative humidity, damper settings, airflow rates and fan speeds. These can be
useful to observe over time to evaluate if HVAC systems are operating efficiently. After
discussions with facilities staff, it was determined that the ability to trend data was not available
in the West building and that it was available in the North/South building. However, the
capabilities of the system were reported to be too limited for the number of data points FSEC
requested to conduct a representative evaluation.
4.4 Short-term testing
Monitoring of temperature, humidity, and illumination was performed in several types of spaces
within the North/South and West buildings. Hobo dataloggers sampled and recorded
environmental conditions of temperature, relative humidity, dewpoint temperature, and
illumination levels every 15 minutes over the course of a few weeks. Tracking indoor
temperature and relative humidity (RH) can provide information about how well the air is cooled
and dehumidified, and about setpoints and scheduling of HVAC. Light illumination was
11

measured at a few locations to identify opportunities for lighting energy savings. It became
challenging finding locations for loggers where they would obtain the desired environmental
conditions while remaining secure and not be taken. This limited available locations where they
could be deployed. Despite considerable effort to select secure locations, two loggers were lost
during initial monitoring efforts in the North/South building and one logger was taken from its
location in the West building.
North/South Building
Monitored data for the North/South building are presented in Figures 3 through 13. Results are
summarized for the period from July 17- August 10, 2007 in Table 5 for the N/S building.
Table 5 Summary of drybulb temperature, RH, dewpoint temperature and illumination in N/S building
areas during July 17‐ August 10, 2007.
Illumination
(horizontal lum./ft2)
Max.
Min.
Avg.
Max. Min. Avg. Max. Min. Avg. Max. Min. Avg.
84.4
72.5
79.8
76.8
30.3
51.8
70.8
44.8
59.9
41
1
7.4
84.4
69.0
78.3
75.9
37.2
55.8
70.4
43.9
60.9
64
1
14.1
Drybulb Temperature (F)

Location
S. hall B
S. hall A2
Average
Hall
S220A
S. atrium
near 220A
S. atrium
near 310
NE.atrium
S310E
S230C
S330E
Average
Non-hall

Relative Humidity (%)

Dewpoint Temp. (F)

84.4

70.8

79.1

76.4

33.8

53.8

70.6

44.4

60.4

52.5

1

10.8

78.0

64.9

70.9

68.3

39.0

52.9

58.9

44.7

52.7

94

1

10

80.1

73.8

76.4

56.8

33.3

42.3

61.4

44.9

51.7

89

1

20.3

78.5

71.1

74.9

62.0

36.4

49.5

59.6

46.8

54.7

392

1

76

83.0
81.5
83.0
78.0

73.2
63.5
66.3
66.3

80.5
72.1
74.6
73.0

61.0
69.3
57.0
62.4

29.1
41.4
36.8
38.9

37.7
53.4
50.3
50.1

68.2
58.3
57.5
59.3

44.9
47.2
45.3
47.5

52.3
54.2
53.2
53.2

na
55
132
na

na
1
1
na

na
5.5
7.6
na

80.3

68.4

74.7

62.4

36.5

48.1

60.4

45.8

53.2

178

1

23.9

During the monitoring period July 17 – August 10, 2007, portions of three events occurred.
Based on available records, July 17 was the last day of move-in for a large software vendor event
(move-in probably conditioned), July 18-21was a large software vendor event, and July 22-24
was move-out. The next event (Youth event; 27,000 attendance) was July 28-31, with move-in
July 26-27 and move-out August 1-2. The next event (Women’s convention; 12,000 attendance
and using SA and SB exhibit halls) was August 8-11 (monitoring ended August 10), with movein August 5-7. It appears that there were three days during this 3.5-week period when there were
no events occurring, including move-in and move-out; July 25 and August 3 -4.
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Exhibit Halls. While the exhibit hall spaces are generally intentionally conditioned only during
event times, the exhibit halls appear to be substantially (and unintentionally) conditioned during
most non-event periods as well. Consider, for example, that the RH in Exhibit Halls A and B in
Table 5 averaged 54% during the entire 3.5-week period. Of the 25 total days of monitoring, 11
were event days, 11 were move-in or move-out days, and 3 had little or no scheduled activity. If
we include July 17 (a move-in day) as an intentionally conditioned day, then 12 days were
intentionally conditioned and 13 were unconditioned by intent.
One can see in Figures3 and 4 that RH dropped into the 40% range on event days but also
remained below 60% most of time during non-event days. One major exception is that RH rose
to the 65% to 75% range for a couple-day period during move-out for the Youth event (we
presume that exterior doors remained open for an extended time).
Exhibit Hall dewpoint temperatures remained in the range of 66oF to 70oF during the non-event
days. Since outdoor summer dewpoint temperatures are typically 75oF, one can see that the
exhibit halls are remaining partially conditioned even when not intentionally conditioned. This
emphasizes the importance of keeping the exterior bay doors (and other doors) closed when
possible. During the unoccupied period of August 3-4 the average South Hall B dewpoint was
68.3oF (Figure 3) while the outdoor dewpoint was 73oF and the Atrium dewpoint temperature
was 54.6oF.
The source of this unintentional conditioning of the Exhibit Halls is air moving from the Atrium
into the Exhibit Halls. There are two likely mechanisms moving this air. First, outdoor air
provided to the Atrium and Meeting Room AHUs creates positive pressure in those spaces. This
positive pressure “pushes” air from the Atrium into the Exhibit Halls. Second, reverse stack
effect causes the relatively cool and dense Atrium air to spill downward into the Exhibit Halls.
This is especially true when doors between the Atrium and Exhibit Halls are left open. Doors
between the Atrium and the Exhibit Halls, for example, were observed to be open on July 17 and
August 7.
Atriums. South atrium spaces are maintained near the desired 76 º F setpoint and RH remains
below 50% most of the time near S220 and below 60% most of the time near S330 (Figures 5
and 6). The atrium RH measurement in the proximity of S330 can be expected to be higher since
it was only about 25 feet inward from an exterior entrance, whereas the measurement near S220
was about 55 feet inward from the nearest exterior exit. Overall RH appears to be well-controlled
in the atrium spaces.
The NE atrium RH was much lower than the South atrium. Conditions for the NE atrium are
shown in Figure 7. The average RH was only 37.7% in the NE Atrium compared to 45.9% RH in
the South Atrium. Note that the average dewpoint temperature was essentially the same in the
North and South Atrium spaces. The main difference is that the NE Atrium averaged 80.5oF over
this 3.5-week period, and was 4.9 degrees warmer than the South Atrium.
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Meeting Rooms. Periods of excessive cooling occurred during some events with space
temperatures as low as 63oF - 66oF for significant periods in rooms 220, 230, 310, and 330 (July
18-21, see Figures 8-11). OCCC staff report that some customers request cold space conditions.
Conditions in rooms 230C and 330E were also monitored during a second period of August 1-10.
Space temperatures were observed to operate in a similar temperature range compared to the
previous monitoring period (Figures 12 and 13). Again, this indicates that some meeting rooms
are being cooled to temperatures that are unreasonably cold. Energy savings could be achieved
by examining temperature setpoints and implementing sunset provisions to temperature
adjustment requests (see Section 4.5.4, Energy Savings Recommendation #11 for additional
discussion).
It has been reported that most of the meeting room AHUs are turned off when there is no
scheduled occupancy. Monitoring indicates that meeting room temperatures rarely move above
75oF suggesting that the AHUs are not being turned off as much as might be expected.
Monitored illumination can be considered an indicator of meeting room occupancy. During
periods of low illumination (seemly confirming that the space is not occupied), the monitored
meeting rooms of the North/South building did not have temperatures exceeding 75oF for any
significant period of time. This suggests that a substantial amount of space is still being
conditioned during unoccupied periods.
During the 3.5-week period of monitoring, average temperatures in the four monitored meeting
rooms averaged 70.9oF (S220A), 72.1oF (S310E), 74.6oF (S230C), and 73.0oF (S330E).
Considering that these 3.5-week average temperatures include days when the meeting rooms are
not used and nights, these temperatures indicate substantial overcooling of those spaces. In
Section 4.5.4, recommendation #11, FSEC proposes that the default space temperature for
occupied periods be 75oF and higher for unoccupied periods and at night. If these guidelines
were implemented, one might expect the meeting room average space temperatures to be about
77oF or about 5oF warmer than current.
RH appears to be well under control in the North/South Building. Indications are that indoor
spaces are controlled to comfortable conditions during occupancy and that the average relative
humidity is maintained well below 65%. The maximum RH reading exceeds 65% in two nonhall spaces, but the frequency and duration of such events was infrequent and short. There is,
however, indication that considerable energy savings could be obtained by more careful control
of HVAC system schedules and space temperature setpoints.
Illumination. The Hobo dataloggers recorded total light provided to a horizontal surface from
both daylight (through windows) and electric light sources. Illumination appears to be well
controlled during overnight periods as illumination were found to be typically around the 3-5
lumens/ft2 level recommended by the Illuminating Engineering Society of North America. The
large amount of daylight available to the Atrium space explains the high maximum values in the
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Atrium. The Atrium measurement in the vicinity of S310 (Figure 5) was approximately 25 feet
inward from the exterior glass wall whereas the Atrium measurement near S220A (Figure 6) was
farther away from the exterior glass below the level 3 walk area. This is why the measurement
near S310 has greater illumination values. Lighting in the meeting rooms during occupancy also
appears to be at reasonable levels for the variety of uses for which these rooms are used. When
operating, the meeting room lighting systems typically provided between 20 and 60 lumens/ft2.
There was, however, a period of excess lighting on July 23. Figure 9 shows excess illumination
in S230C. This occurred during move-out of a large software company with the lighting level
measured at about 130 lumens/ft2. It is also notable that the temperature in that space increased
from about 74 F to 82 F likely related to heat from lighting fixtures. This shows the potential for
the lighting system to use a lot of energy, both electricity for the light fixtures and chilled water
to remove the added heat.
West Building
Indoor drybulb and dewpoint temperatures and relative humidity are summarized in Table 6 for
various locations for the period August 11 to October 10, 2007. Illumination was monitored only
in 224B and is not included in Table 6. Plots of this monitored data can be found in Figures 14
through 20. These figures are arranged by two different monitoring periods; August 11-30 and
August 31- October 10, 2007.
Table 6 shows summary of drybulb temperature, RH, dewpoint temperature and illumination in West
building areas during August 11‐ October 10, 2007.

Location
W. hall WB4
W. hall WA3
Average Hall
W. Conc.
Phase 3
W. Conc.
Phase 2A
West 204B
West 206B
West 224B
Average
Non-hall

Drybulb Temperature
Relative Humidity (%) Dewpoint Temp. (F)
(F)
Max.
Min.
Avg.
Max.
Min. Avg.
Max.
Min. Avg.
80.1
72.5
78.5
70.1 45.2
55.2
68.8 51.3
60.7
84.4
71.1
77.9
83.5 38.6
56.9
73.3 48.9
61.1
82.3
71.8
78.2
76.8 41.9
56.1
71.1 50.1
60.9

80.1

69.0

72.6

85.2 44.7

61.6

72.2

49.8

58.5

74.5

64.9

70.5

78.3 49.5

62.6

64.1

50.7

57.0

82.2
83.7
80.1

66.3
72.5
62.9

70.1
77.7
70.9

72.7 41.5
67.6 42.9
73.2 41.8

52.5
57.5
60.4

63.2
67.2
61.7

45.6
52.7
48.0

51.9
61.3
56.4

80.1

67.1

72.4

75.4 44.1

58.9

65.7

49.4

57.0

Exhibit Halls. Exhibit Halls are conditioned only during events. The variability in space
conditions can be seen in Figures 16 and 20. Periods where the dewpoint temperature approaches
70oF are likely occurring when exterior doorways are open. Periods of lower dewpoint and
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moderately warm drybulb temperatures may occur when conditioned air from concourses moves
into the Exhibit Halls. Periods with lower drybulb and dewpoint temperatures can be seen
occurring during events in when the space is intentionally conditioned.
Temperatures average about 78oF in the Exhibit Halls with 56% RH. The Exhibit Hall dewpoint
temperatures averaged 50oF during this two-month period. Considering that the Exhibit Halls are
not intentionally conditioned much of the time, this relatively low dewpoint temperature
indicates that the West Building Exhibit Halls are relatively well conditioned, on average. This
helps to emphasize the importance of keeping the exterior bay doors closed whenever possible.
Concourse and Meeting Rooms. A noticeable difference in space temperatures can be observed
between the concourse areas of Phase 2A and Phase 3. The Phase 2A area is 2.1 F cooler with an
average of 70.5oF. Not only is this low temperature an energy issue, but it is better if exterior
portions of buildings are not cooled this low during hot and humid weather, since low indoor
temperatures increased the potential for moisture condensation within exterior walls or other
interstitial cavities having air pathways to outdoors.
RH in the concourse area averaged 62.2%, while the average RH in the Meeting Rooms was
56.8%. The concourse average RH was well below a reasonable limit of 65%. There were,
however, three areas where relative humidity exceeded 65% for significant periods. These areas
are the Phase 3 and Phase 2a concourse areas as well as room W224B. The west concourse of
Phase 3 has repeating periods of RH above 65% coincident with an increase in dewpoint
temperature and a decrease in drybulb temperature (see Figure 15). The duration of each period
varies, but it occurs overnight from approximately 8 PM to 6 AM. The Phase 2A area had 10
periods of variable duration when RH exceeded 65% (Figure 19).
Non-exhibit hall space temperatures are kept cooler than in the N/S building with an average
temperature of non-hall spaces at 72.4oF. It has been reported that the West building is
conditioned more than the N/S Building in order to maintain control over relative humidity.
Figures 14, 17, and 18 show space conditions in Meeting Rooms W206B, W204B, and W224B,
respectively. The latter two rooms had a remarkably low 8-week average temperature of about
70.7oF, indicating that there is considerable opportunity for energy savings by raising space
temperature setpoints. Conversion of many AHUs in the West Building to VAV operation should
yield better humidity control and obviate the need for such low setpoints. No information is
available about the event schedule of these three meeting rooms during the monitoring period.
W224B had 5 periods when RH exceeded 65%. The first and longest period occurs from August
31- September 4 and can be seen in Figure 18. Relative humidity that occurred in this zone
would not be sufficiently elevated to support mold growth (unless the exposure was for weeks or
months at a time). However, better control of RH would improve perceived comfort level for
some more sensitive to higher humidity, reduce the potential for moisture condensation on cooler
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surfaces (often associated with the HVAC systems), and reduce the motivation to lower space
temperature settings.
Illumination. Illumination was recorded in only one meeting room in the West Building, room
224B. In this space, the average, maximum, and minimum recorded horizontal illumination
levels were 7, 50, and 1 lumens/ft2, respectively. Figure 18 shows that illumination levels in
Room 224B remained in the range of 1 to 4 lumens/ft2 most of the time. It should be noted that
the location and orientation of this logger caused it to register lower light levels than if it could
have been placed in a more central part of the room.
There appear to be opportunities to reduce the duration of electric lighting. For example,
observation of electric lights in concourse areas found at least 74 lamps operating in entry areas
of West C Lobby, concourse Level II, at a time when good daylighting was available. At the
same time, another 148 lamps and 16 lamps were operating on Level III and level IV,
respectively. It is difficult to rely on daylighting during all hours of the day. However, given the
large glass area and the height of this glazing, a substantial amount of daylight can be obtained
even on very cloudy days. The concourse spaces would benefit from light sensor control. These
could be designed to activate a distributed network of lamps to provide adequate penetration into
the interior portions of the concourse areas, as needed. Observations were also made in a few
unoccupied meeting rooms. These were found to be using 6 fixtures each with 4 fluorescent
lamps operating. This is more than the minimum occurring in the N/S building; and OCCC has
reported a plan to reduce this.
Figures 3 through 20 begin on the next page.
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South Hall Conditions July 17- August 10, 2007.

Figure 3

Figure 4
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South Hall Atrium Conditions July 17- August 10, 2007.

Figure 5

Figure 6
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North East Atrium Conditions July 17- August 10, 2007. Redline marks period with very low
humidity and dewpoint at 5:30pm during a major software company event.

Figure 7
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South Meeting Room Conditions July 17- August 10, 2007.

Figure 8

Figure 9
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South Meeting Room Conditions July 17- August 10, 2007.

Figure 10

Figure 11
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South Meeting Room Conditions August 1-10, 2007.

Figure 12

Figure 13
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West Indoor Conditions

Figure 14

Figure 15
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West Indoor Conditions

Figure 16

Figure 17
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West Indoor Conditions

Figure 18

Figure 19
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West Indoor Conditions

Figure 20

4.5 Energy-saving analysis and recommendations
This section covers energy savings for measures reported to have been completed and for
measures recommended to be completed in the future.
Previously Implemented Energy Management Programs
OCCC staff requested that FSEC use available data and reasonable engineering evaluations to
estimate likely savings for a number of programs already implemented between 2005 and 2006.
Information about the types of energy reduction measures was gathered through meetings with
staff, observations during escorted tours, and emails from OCCC staff.
Analysis of the monthly billing data for the period January 2005 through June 2007 identified
that after normalizing for weather patterns and building occupancy combined electricity and
chilled water energy cost (normalized to current rates) had declined by $2.2 million or 18%
compared to 2005 usage at 2007 rates. In most cases, not enough information was available to
accurately identify whether a specific energy conservation measure implemented by OCCC
during the 2005 to 2007 time period had produced energy savings. It was also impossible to
attribute a specific level of contribution for any specific measure. The reason for this is that
FSEC did not receive sufficient detail about the nature of the conservation measure. For
example, one measure involved reduction of outside air due to improvement of actuator controls.
FSEC was not provided with a record of which systems were repaired, what state the dampers
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were in prior to repair, and what state the dampers were in after the repair. No measurements of
before and after air flow rates were available. Without that type of information, calculations of
energy savings cannot be performed. Accurate evaluation of the energy impacts requires
information about the air flow rate amount of over-ventilation as well as the conditions of the
outside air brought in over a very long period of time. This type of evaluation requires individual
monitoring before and after repairs, which can be costly and hold up repairs that are already
known to be needed.
In some cases, details about exact quantities reduced or energy consumption per unit reduced
was not known by OCCC and would be more costly to obtain than this project had a budget for.
In spite of limited data, substantial efforts were made to provide some idea of the potential
savings of different programs based on specific assumptions. The assumptions and methods of
calculation were reviewed by OCCC, and then appropriate changes were made to assumptions
based on the OCCC review. Estimated savings are discussed in Appendix C. Due to the limited
input information, the estimates provided should be considered, at best, “ballpark” projections.
The savings presented are merely estimations and do not certify or guarantee the amounts
indicated.
Findings and Energy Saving Recommendations of Future HVAC Opportunities
For purposes of calculating energy savings, electricity is assumed to cost $0.08 per kWh in both
buildings. No attempt is made to disaggregate electricity consumption versus demand savings, or
time of day use, since this would be beyond the scope of this project. Chilled water (CW) is
assumed to cost $0.095 per ton-hour. Again, no CW demand savings have been calculated,
because demand reduction is much more difficult to calculate and because OCCC already pays
for more capacity than is used in most months.
The Orange County Convention Center (OCCC) consumes approximately $11.46 million per
year in electricity ($7.30 million) and chilled water ($4.16 million) in its two main buildings (this
excludes electricity consumed by the Central Energy Plant). Of this $11.46 million,
approximately 70% or $8.06 million is consumed by the West Building and 30%, or $3.40
million, is consumed by the North/South (N/S) Building.
The West Building uses about $5.53 million per year for electricity and $2.53 million per year
for chilled water. The North/South (N/S) Building uses about $1.77 million per year for
electricity and $1.63 million per year for chilled water. The OCCC has total floor area of 6.9
million square feet; 4.1 million square feet in the West Building and 2.8 million square feet in
the North/South (N/S) Building.
The West Building has five phases (1, 2, 2a, 3, and 4) constructed over the period 1983 through
1996. The N/S Building, also called Phase 5, was constructed and first occupied in 2003.
While Progress Energy provides electric power to the West Building, OUC provides electric
power to the N/S building. Chilled water is provided to both buildings by OUC. By terms of the
contract, chilled water is provided to OCCC in the range of 38-42oF. OUC purchased the chiller
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plant from OCCC, and has tied this plant to a chilled water district system that serves other
facilities and includes an 11 million gallon storage tank.
OCCC pays both consumption and demand charges for both electricity and chilled water. Per the
chilled water contract, OCCC pays for a minimum 8,250 tons of capacity for the West Building
and 7,500 tons for the North/South Building. Most months, actual CW demand is less than the
minimum for which OCCC pays. Consequently, most of the energy conservation measures
proposed in this report will yield no CW demand (capacity) cost savings during most months of
the year. This would change, of course, if the minimum capacity levels were reduced.
HVAC systems serving the various phases are, to a large extent, different from one another. The
high degree of variability in the HVAC system designs has required a high degree of analytical
effort to understand the HVAC system operation (Sequence of Operation, or SOO) and to
determine how energy use reduction can be achieved.
The major uses of energy in the building are the Air Handler Unit (AHU) and Fan Coil Unit
(FCU) fan motors, electric reheat (natural gas hydronic reheat in Phase 1), chilled water, and
lighting. Exhibit hall power transformers, exhaust fans, chilled water pumps, and Phase 2a
chillers also consume substantial amounts of energy. Chilled water is obtained from OUC for the
entire West Building except for Phase 2a, which has its own chiller plant, which is owned and
operated by OCCC. Some energy savings analysis has been performed on this chiller plant, and
related recommendations are presented in Section 4.5.1, subsection called High efficiency chiller
replacement.
4.5.1 The West Building
The content of this report and the recommendations for energy savings contained herein focus
primarily on the operation of the AHUs. The reason for this is that the AHUs and the associated
system control algorithms to a large extent determine the amount of HVAC energy consumed by
AHU fans, chilled water, ventilation, reheat, and RH control.
Based on a review of available information, this building is served by 266 AHUs and an
undetermined number of FCUs (due to project time constraints, no analysis has been performed
on the FCUs). Chilled water (CW) valves are pneumatically controlled throughout the entire
West Building, and all but a handful are two-way valves.
A note about the equipment schedules contained in the construction documents for the West
Building is offered here. We were able to find complete information about 213 (80%) of the total
266 AHUs, and cooling capacity information for the remaining 53 AHUs. So, while we have
capacity data for all 266 AHUs, we have fan power, supply cfm, and OA cfm for only 213
AHUs. Note, however, that of the 53 AHUs for which we have only cooling capacity, six (in
Phase 3) are small split systems with combined capacity of 14 tons and five (in Phase 3) are
listed as N/A on the summary sheet provided by Dave Williams. Excluding those 11 AHUs, we
have detailed design data about 213 of 255 AHUs, or 84% of the AHUs in the building.
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In order to approximate totals for these additional categories (for energy analysis purposes), we
have extrapolated fan power, supply cfm, and OA cfm from the sample of 213 to the additional
53 AHUs for which we did not have that data. Therefore, in the discussions that follow, there
will be some error in the predicted energy savings because we have had to extrapolate from that
which is known to that which is unknown.
This energy savings analysis has focused intently upon the design and control of the AHUs
because there is a great deal of energy use imbedded in the way that these AHUs operate.
Detailed presentation of energy use and energy savings for the West Building is found in Section
4.5.3 of this report. The following section provides a perspective and a brief introduction to some
of the energy consumption potential that exists in the operation of the HVAC systems.
Intensive energy use is associated with the following:
• AHU fan operation
o Fan motors consume a great deal of energy and turning them off, when possible,
as well as reducing their speed can yield substantial savings. Furthermore, the
heat generated by the fan motors contributes to the cooling load and therefore
increases CW consumption.
o Total rated AHU fan power for the West Building is 4,791 kW (at full fan speed;
note most are constant volume but some have variable speed fan motor control).
To put this in perspective, if all the AHU fans were to run at full speed
continuously for an entire year, they would consume 42 million kWh, or
approximately $3.4 million per year assuming an electricity cost of $0.08
per kWh.
Exhibit Hall AHUs, which consume 2,456 kW when operating at full
speed, only operate about 10% of the time, about 800 hours per year,
based on an analysis of occupancy data.
The non-exhibit hall AHU fan motors consume 2,335 kW when operating
at full speed. If operated continuously throughout the entire year, these fan
motors would consume 20.5 million kWh per year or approximately $1.6
million per year if electricity cost $0.08 per kWh.
For the most part, the AHUs of the West Building on average operate at
full fan flow because they are mostly constant volume.
• Chilled water consumption
o CW is used to offset the heat that enters the building through the building
envelope, from internal heat sources (lights, people, and equipment), from fan
motor operation, from air infiltration and ventilation, and from reheat.
• Reheat (defined in this report as heat that is put into the conditioned space when the
weather does not call for space heating) is available for use in a majority of the air
conditioning (AC) systems. It is provided in the form of electric resistance heat in Phases
2, 2a, 3, and 4, and in the form of a natural gas fired hydronic loop for Phase 1.
o We do not have significant data regarding the amount of electric reheat that is
occurring. The potential reheat energy use is enormous. Consider only Phase 3,
for example. There are 97 electric duct heaters (EDHs) with combined capacity of
6161.6 kW. If these heaters were to operate full time for a year (clearly an
impossible circumstance), this would consume 54 million kWh at an approximate
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cost of $4.3 million. Additionally, the heat generated by the electric heaters would
require 15.4 million ton-hours of chilled water to remove that heat from the
building. The purpose of these calculations is not to indicate what is actually
happening but rather to indicate the potential energy consequences of activating
reheat beyond the minimum that is absolutely required. It would be useful to
perform sub-metering (or trending of data) to determine the extent to which reheat
is occurring.
o Based on data obtained from OCCC, natural gas usage in the West Building (what
we assume to be Phase 1 hydronic loop; Acct # 4291852) averages about 9,640
therms per month (a therm is equal to 100,000 Btu). Under the assumption that
75% of the input energy of the natural gas fuel ends up in the building, then this
reheat loop is delivering about 25 million Btus per day into the Phase 1 portion of
the building. This is equivalent to 2,050 ton-hours per day cooling load that must
be removed from the building by chilled water. The natural gas cost for the Phase
1 hydronic loop is about $140,000 per year, and the associated chilled water
consumption cost is about $73,000 per year.
RH control.
o Some systems have an RH control algorithm that lowers the cooling coil
temperature in an attempt to remove more moisture. In general, this approach can
be successful, within limits. A colder coil will remove more moisture, but it also
yields lower space temperature. This lower space temperature, in turn, tends to
raise RH because cooler air can hold less moisture.
o The current RH control algorithms call for reheat (electric resistance reheat in all
Phases except Phase 1, where a natural gas hydronic loop operates) to prevent
space overcooling. The result can be very high energy use if the RH control
algorithm is active even a small fraction of the time. OCCC staff have identified
that a small bias (the differential between the cooling setpoint and the heating
setpoint) leads to excessive reheat and energy waste, and have therefore increased
the bias typically to 4 or 5oF. Note that electric resistance reheat uses
approximately three times the energy of chilled-water cooling for the same
amount of space conditioning. That is because chillers produce cooling energy of
about 3 Btus of cooling for each 1 Btu of electricity input (including the energy
consumed by AHU fan motors and CW pumps). Therefore, large energy savings
can result from eliminating or reducing reheat.
o Note that converting constant volume AHUs to VAV operation can yield
improved RH control, with reduced fan power, reduced CW usage, and reduced
reheat.
Ventilation.
o There are opportunities to reduce the total amount of conditioned ventilation air
brought into the building, by ventilating only when required, ventilating only to
the extent required based on occupancy, and at reduced rates consistent with the
most recent ASHRAE Standard.
o Many AHUs have fixed OA flow rates, suitable for maximum occupancy.
Just to put ventilation in perspective, the total OA flow rate that is
indicated for all AHUs in the West Building is 1,198,161 cfm.
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Since much of the building space is occupied only 30-50% of the time,
most of the ventilation provided to those spaces creates unneeded cooling
energy consumption. Furthermore, providing unnecessary ventilation may
be raising indoor RH levels, causing reduced comfort and potentially
activating the RH control strategy (with concomitant increases in CW and
reheat energy).
For those portions of the building that are occupied, there are periods
when that occupancy is less than the design occupancy, and therefore a
considerable portion of the ventilation provided to those spaces creates
unneeded cooling energy consumption.
Furthermore, some of the AHUs remain on at night, when there is little or
no occupancy. Ventilation provided to the space during those periods
creates considerable energy waste.
o Considerable energy savings can result by reducing the building ventilation rates.
Perhaps the best method for providing only the ventilation that is needed is to
control ventilation based on CO2 sensors.
o The most recent version of ASHRAE Standard 62.1 (2007) calls for minimum
outdoor air (OA) ventilation rates that are lower for most spaces in the OCCC
than in previous versions of Standard 62. This creates an outstanding opportunity
to reduce the amount of energy spent on ventilation.
One of the most important factors determining the dehumidification performance and the energy
consumption of HVAC systems is how the system modulates (varies) cooling capacity. In
general, there are four methods for modulation of cooling capacity or output. 1) vary the air flow
rate while keeping a constant supply air temperature (typically 55oF), 2) keeping the air flow rate
constant while varying the temperature of the supply air by warming the coil as the cooling load
decreases, 3) splitting the air stream with a variable portion going over the cooling coil and the
remainder bypassing the cooling coil, and 4) keeping the air flow rate and the supply air
temperature constant, but then reheating the supply air to prevent overcooling. There are a
number of variations on these three types. The reason that it is important to identify AHU types
is that the way in which they modulate cooling output in large part determines how effectively
the system produces latent cooling (moisture removal) at part-load operation and how much
energy is consumed.
All air conditioning systems provide good moisture removal at full-load operation, because the
cooling coil remains cold, and a cold coil removes moisture effectively. At part-load,
• Type 1 (variable air volume, VAV, with cold supply air) yields good humidity control
and is energy efficient. A minimum AHU fan speed is normally specified based on the
outdoor ventilation air requirement. The main energy waste problem occurs if the
minimum AHU fan speed is too high, such as 30% of full speed or greater, in which case
the minimum AHU flow rate can overcool the space, thus requiring reheat.
• Type 2 (constant volume or CV with modulating valve) provides poor humidity control at
part-load, because the coil warms to the point where little moisture is removed. This
system is energy efficient unless a humidity-control algorithm forces the coil to become
cold and therefore requires reheat to prevent space overcooling. Reheat can become a
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very large energy consumer during low occupancy especially if the AC equipment is
sized for high occupancy.
Type 3 (face and bypass) provides relatively good humidity control, especially if the
outdoor air is directed so it passes through the coil. The portion of the air stream passing
through the cooling coil is variable, so in effect, it operates like a VAV system, and
relatively little reheat is generally required.
Type 4 (CV with cold supply air plus reheat) provides excellent humidity control but is
very energy inefficient because large amounts of reheat are required. This is especially
true in buildings where the space is vacant a substantial portion of the time and the
equipment is sized for very high occupancy.

One system type that is common at OCCC is a hybrid of Type 1 and Type 2. It is part VAV, with
AHU fan speed variation from 50% to 100% of full flow, but with modulation of supply
temperature from approximately 55oF to 60oF. This type commonly also has reheat to prevent
overcooling of the space when the operation of the fan at 50% speed combined with 60oF supply
air temperature provides cooling in excess of the cooling load.
Constant volume systems, such as Types 2, 3, and 4 waste fan power compared to Type 1
(VAV). The largest HVAC energy waste occurs, however, when either the space is overcooled
thus wasting chilled water and requiring reheat (such as with Type 4 or the Type 1-2 hybrid), or
when the system provides poor humidity control which then requires a humidity control
algorithm which may overcool the space and then require reheat.
The West Building has a variety of AC systems, including those that dehumidify effectively,
those that dehumidify ineffectively, and those that dehumidify effectively but only with the use
of reheat, which is energy inefficient. A detailed review of the system types that exist in Phases 1
through 4 has been performed. Readers will note, as they go through this report, that there is a
great deal of variation in the types of AC systems, AHUs, and in the sequence of operation for
those systems. This variability has added considerably to the challenge of developing the
following energy savings recommendations.
4.5.2 Recommendations for energy and utility cost savings in the West Building
Following are recommendations for measures that can be taken to reduce energy consumption
and utility costs at the West Building. For a majority of the measures, we have developed
projected energy cost reductions (energy savings projections in italics). These savings estimates
are based on engineering analysis or on information gathered from the literature. In the best case,
the savings estimates are fairly reliable engineering calculations based on weather data and
psychrometrics (study of the heat and moisture properties of air), such as savings from reduction
in building ventilation rates. For most cases, however, these savings estimates are “ballpark”
estimates, because much is unknown. In other cases, we have been unable to develop even
“ballpark” estimates because we lack information about how much energy is currently being
used, what level of energy usage might be expected once a measure has been implemented, or
both. An example of this last category would be electric reheat used in four of the West Building
phases (we do know approximately how much reheat is used in the Phase 1 hydronic loop).
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Projected energy savings are in many cases large. Consider for example that the following five
proposed changes (of the total 19 proposed changes) are estimated to reduce the combined
electricity and CW utility cost for the West Building by 25.3%.
o We have calculated that reductions in ventilation levels to those consistent with the new
reduced requirements of ASHRAE Standard 62.1 (2007) would yield $477,000 per year
savings.
o Additional savings from implementing demand control ventilation based on CO2 sensors
would be $280,000 per year.
o Reduction in the hours of operation of the non-Exhibit Hall AHUs by 9 hours per day
(see the later discussion), on average, would yield projected fan energy reduction of
$700,000 per year.
o Converting AHU operation of an estimated 80% of the non-Exhibit Hall AHUs to VAV
operation is projected to save $496,000 per year in fan energy consumption.
o Raising thermostat setpoints in the building from an average 72oF to 75oF is projected to
save $86,000 in CW consumption charges.
Combined these items would yield $2.04 million per year in savings. While these five proposed
changes are estimated to reduce the West Building energy use by 25%, it is not unreasonable to
expect that also implementing all of the listed measures might yield total building energy use
savings of 40% or more.
In other cases the savings may be modest, substantial, or even large, but we do not know enough
about the current operation or energy use of the systems to calculate probable savings.
Determining more precise savings estimates is difficult, in some cases, because relatively little is
known about the specific operation of individual systems.
There are many unknowns that make it difficult to predict savings.
•
•
•
•

It is not known, for example, whether RH sensors that control the RH control algorithms
are accurate. If they read too high, for example, then they could be causing large amounts
of unnecessary CW consumption and reheat electricity consumption.
It is not know to what extent electric resistance reheat is operating in either building.
It is not known what bias (cool setpoint versus heat setpoint differential) is currently built
into the control programming for the various locations where RH control is active.
We have been informed by OCCC technical staff, for example, that face-and-bypass
dampers in Phase 1 are inoperable on many systems and that AHU cooling capacity is
modulated almost exclusively by modulation of the hot water valves. On the other hand,
we have been informed by OCCC management that the face-and-bypass dampers are
functional, and when not functional, are repaired on a regular basis.

In other cases, we know a reasonable amount.
•

Based on comments from OCCC staff, the concourse AC systems run 24/7/365, the
meeting rooms are conditioned from 5 AM to 10 PM daily, and the exhibit halls are
conditioned only on event days (with some exceptions). We have used this information as
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the assumptions of our analysis for estimating AHU fan energy savings and CW
consumption reduction.
Following is a list of energy reduction and utility cost savings measures, including the basis and
assumptions for our analysis.
1. Building automation system. Install a new Building Automation System (BAS) in the West
Building. This measure, of course, had already been put in process by OCCC staff and is
expected to be implemented in the near future.
o Install RH control sensors and CO2 sensors in each space conditioning zone (or
return ductwork) to permit monitoring of RH trends, to turn AHUs on and off
based on space RH, and to modulate ventilation rates based on occupancy.
o Upon completion of the BAS, perform commissioning of the BAS.
o SAVINGS: No specific savings is presented. However, an advanced BAS is an
excellent idea, and will allow more sophisticated and comprehensive control of
heating, cooling, and ventilation. The cost to implement a system to cover the
scale of this building is not known, but it is reasonable to yield enough energy
savings to acquire a payback of less than five years. Estimates about energy
savings from of BAS vary around 10-20% savings. Even if savings are very small
2%, this would represent about $160,000 saved per year in the West.
2. Recommissioning of the HVAC systems. Upon installation of the new BAS in the West
Building, and upon implementation of other changes to the HVAC systems (as recommended
in this report, or otherwise), recommissioning of the HVAC systems should be implemented.
Recommissioning will include but should not be limited to the following:
o Check the operation of actuators, linkages, and dampers for return air, outdoor air,
and face and bypass to confirm correct operation. Repair or adjust as needed.
o Check outdoor air (OA) minimum settings to see that they match design specs.
OA minimums that are set too high will lead to excessive cooling and heating
energy use, especially in a building that is occupied intermittently.
o Confirm that OA dampers close during unoccupied hours (nights) and when the
AHUs turn off.
o If pressure independent valves are installed (see following bullet), then confirm
their correct operation and adjust as necessary to achieve 15oF or greater return
minus supply CW delta-temperature.
o For those systems that have RH control algorithms, set the heating setpoint at 8oF
or more below the cooling setpoint. Have the BAS send an alert to the system
operator when space temperature drops below 68oF. Examine those events to
determine why the space temperature is so cold. This will help to identify system
control problems. These control problems should be then diagnosed and repaired,
not only because they cause comfort problems but also because they cause energy
waste.
o Check RH and CO2 sensors for accuracy against portable reference sensors that
are kept calibrated. Modern HVAC systems are complex, and the resulting indoor
conditions, and especially the energy usage, depends heavily upon the reliability
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(accuracy) of the sensors that provide information to the brains (BAS) of the
system.
Perform periodic calibration checks of the CO2 controllers.
During periods when the building has been largely unoccupied for 36
hours, check all CO2 sensors to see that they read values consistent with
outdoor concentrations (usually around 380 to 420 ppm).
Purchase a quality portable CO2 measurement device that is kept
calibrated on a regular (yearly or twice yearly) basis. During occupied
periods (with considerable CO2 production from occupants), use this
portable CO2 measurement device to sample CO2 at the same location or
air stream as the CO2 controllers, and to thus make comparisons,
preferably at CO2 levels of 900 ppm or greater.
Calibrate or replace CO2 controllers that have measurement deviation of
200 ppm or greater from the standard when measuring air with 900 ppm or
greater actual CO2 concentration. Based on our experience with sensor
drift, calibration or replacement should be performed every 18 months.
Now that costs of CO2 controllers (sensors) have fallen into the range of
about $200, periodic replacement may be a reasonable procedure.
Note that a calibration adjustment can be made by means of the BAS
programming. For example, if during a calibration check it is discovered
that a CO2 controller for one AHU is reading 100 ppm too high at baseline
(400 ppm) and 150 ppm too high at 1,200 ppm (actual), then the control
setpoint for CO2 could be modified for that AHU from 1,200 to 1,350
ppm. If such adjustments are made in the BAS programming, then the
setpoints will need to be modified when sensors are calibrated or replaced.
o Calibrate or replace HVAC RH sensors/controllers.
Perform periodic calibration checks of the RH sensors. As with CO2
calibration, there are potentially large energy consequences of inaccurate
RH measurements. Consider purchasing a high-quality T/RH portable
sensor which can be used to perform calibration checks of RH sensors in
situ, and maintain the calibration of this portable instrument.
Note that a calibration adjustment can be made in the BAS programming.
For example, if an RH controller for one AHU is reading 8 percentage
points too high at the 65% control point, then the control setpoint for RH
could be modified for that AHU from 65% to 73% to accommodate this
inaccuracy. If such adjustments are made in the BAS programming, then
the setpoints will need to be modified when sensors are calibrated or
replaced.
o Check OA dampers for proper operation.
Inspect for such things as corrosion, failed actuators, mechanisms, etc.
If OA dampers have minimum settings (Low Outdoor Air Setpoints is the
terminology used in the N/S Building BAS), then evaluate those settings
to determine if those settings could be reduced or eliminated.
Inspect dampers to confirm that a BAS-indicated OA damper position is in
fact occurring, and that a change in that control status is confirmed by
visual observation of the damper.
36

All OA dampers should be closed when the AHU is off.
o SAVINGS: The energy savings from recommissioning can be very large.
However, no savings estimate is presented because of the range of unknowns,
such as what systems and sensors are out of calibration and the degree to which
they might be out of calibration.
3. Across-the-board reduction in building ventilation rates.
o In addition to the material presented here, a more detailed presentation of acrossthe-board and demand-controlled ventilation reductions is found in Appendix B.
o Ventilation requirements in ASHRAE Standard 62.1 (2007) are considerably
reduced compared to the requirements of ASHRAE Standard 62 (1989).
According to the 1989 Standard, office spaces, meeting rooms, and theatre lobbies
were all indicated to require 20 cfm per person. Malls and arcades required 0.2
cfm per square foot. Based on the current ASHRAE standard (2007), most spaces
in the West Building require 5 cfm per person plus 0.06 cfm per square foot. This
yields overall ventilation that comes out to about 8 cfm per person if the West
Building is filled to design capacity.
o Reduce ventilation rates.
Evaluate current minimum OA setpoints (called Low Outside Air Setpoint
in N/S BAS) and reduce those setpoints to the lowest possible while still
meeting ASHRAE Standard 62.1 and the Florida Mechanical Code.
Consider programming the BAS to allow lower OA setpoints during
“occupied” periods for the concourse spaces, meeting rooms, and exhibit
halls, as follows:
• Set the Low Outside Air Setpoint ventilation rate to 0.06 cfm/ft2.
• Set the High Outside Air Setpoint (HOAS) ventilation rate to be
equal to ASHRAE Standard 62.1 (2007) requirement for full
occupancy. Manually set the OA damper to HOAS when the space
will be occupied. (As an alternative, CO2 sensors would open the
OA dampers to the HOAS position when increased occupancy
pushes CO2 levels upward; see next recommendation).
o Shut the OA dampers during “unoccupied” periods.
o Shut the OA dampers when the AHUs are off.
o Review of the construction documents finds design OA of approximately 1.2
million cfm for the entire West Building. We do not know the design occupancy.
However, if we were to assume 20 cfm per person, then the design occupancy
would be 60,000 people. If we take a more conservative assumption of 15 cfm per
person, then the design occupancy would be 80,000 people. We will use this later,
more conservative number for our recommendations for ventilation rate reduction.
o SAVINGS: Based on the current ASHRAE standard, most spaces in this building
require 0.06 cfm per square foot and 5 cfm per person. For 4.1 million square feet
of building floor area, the ventilation requirement calculates to approximately
240,000 cfm. For occupancy of 80,000 people, the ventilation requirement
calculates to 400,000 cfm. The combined floor area requirement and occupancy
requirement is then 640,000 cfm. This represents a 47% reduction in OA from the
current 1.2 million cfm. Apart from any demand ventilation that might be
implemented (see following bullet), this 47% reduction in building ventilation
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could yield savings of $470,000 per year in CW consumption (assuming $0.095
per ton-hour consumption cost). See Appendix B for a detailed presentation of
ventilation rate energy savings. The cost of implementing this measure would
include work by a design engineer to specify the specific OA flow rate for each
AHU and work by a Mechanical Contractor/TAB firm to adjust OA dampers to
the correct position. No cost estimate for this measure has been developed.
4. Demand controlled reduction in ventilation rates.
o Currently, the position of OA dampers and OA flow rates are fixed in all portions
of the West Building. During periods of partial occupancy, the building is being
substantially over-ventilated.
o Install CO2 controllers for all 207 AHUs (approximate count) with 1000 cfm or
greater OA flow rate to modulate OA as a function of occupancy. 1000 cfm is
chosen as the cutoff level because in these applications, the likely CW
consumption savings from reduced ventilation is likely to be $250 per year (not
including savings that may result from avoiding RH control algorithm that forces
a cold coil and possible reheat) for a system with 1000 cfm OA. Therefore, the
savings should pay for the demand control upgrade over an approximate five year
period.
o OA flow stations should be installed at each OA intake. Many AHUs in Phases 3
and 4 already have OA flow stations.
o The BAS will instruct the OA dampers to open and close based on the following:
A minimum OA flow rate to meet the ventilation for floor area. Outdoor
air minimum flow rates for each AHU will need to be calculated based on
ASHRAE Standard 62.1 ventilation for floor area, which in most cases is
0.06 cfm per square foot.
The CO2 controller would then instruct the OA damper to open further to
the HOAS position based on a CO2 setpoint (with PID control) in order to
provide the ventilation air required for occupancy.
o SAVINGS: Cooling (and heating) energy savings can be achieved by reducing
ventilation based on occupancy. Savings analysis is based on the design OA flow
rates (from the construction documents) for the West Building. The following
discussion of savings from demand control ventilation is also based on the
assumption that building ventilation rates have already been reduced by 47%
across the board compared to the current design ventilation rates (per changes in
ASHRAE Standard 62.1 (2007)).
A review of the construction documents (retrofit documents) finds that
total specified OA is approximately 1.2 million cfm.
The 47% across-the-board reduction in ventilation (see preceding bullet)
yields a new building ventilation rate of 640,000 cfm.
The 240,000 cfm of ventilation required based on floor area would
remain.
However, much of the required occupancy-based ventilation can be
avoided by opening the OA dampers to the HOAS position only when CO2
levels approach the new (proposed) control setpoint (e.g., 1700 ppm). In
other words, ventilation can be dramatically reduced in a building such as
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this, with large swings in occupancy, by providing occupancy-based
ventilation only when required.
Projected ventilation reductions based on CO2 controllers would yield CW
consumption reduction in the West Building of approximately $280,000
per year. See Appendix B for a detailed presentation of ventilation rate
energy savings assumptions and calculations.
The cost of implementing this measure would include work by a design
engineer to specify the specific CO2 control setpoints for each AHU,
equipment costs for CO2 sensors (on the order of $200 to $250 per AHU),
actuators, and linkages (etc.), work by a Mechanical Contractor to install
this equipment. A ballpark estimate of $2000 per AHU is used to assign a
total cost of $414,000 for the West Building.
5. Examine exhaust flow rates.
o It is important that the building operates at positive pressure with respect to outdoors
during hot and humid weather (approximately May 15 through November 15). FSEC
is recommending reduction of OA flow rates to match new, lower rates in ASHRAE
Standard 62.1 (2007) and also cutting back on ventilation rates based on occupancy
(CO2 sensors). With these OA reductions, it will be important that exhaust air flow
rates do not exceed combined OA plus make-up air (MA).
o Examine exhaust airflow rates and reduce those airflow rates where possible.
For example, ASHRAE Standard 62.1 (and the Florida Mechanical Code)
now require only 50 cfm of exhaust per toilet fixture, compared to 2 cfm per
square foot. This typically represents a substantial reduction in total exhaust
from bathrooms.
For example, variable speed kitchen exhaust (and MA) controllers (such a
Melink Corporation Intellihood) can be used to keep the exhaust flow rates at
a minimum level (often about 30% of maximum) during periods of light
cooking.
6. CO2 controller calibration. Historically, CO2 sensors have not been found to maintain
accuracy over time. It is important, therefore, that a rigorous plan of CO2 sensor calibration
and/or replacement be implemented. Based on the experience of FSEC staff, we recommend
that CO2 sensors be calibrated or replaced every 18 months.
o SAVINGS: Maintaining accurate sensor readings is essential to preserving the
energy savings that are otherwise achieved by implementing demand control of
ventilation. The energy savings from maintaining sensor accuracy can be very
large. However, no savings estimate is presented because the range of variables
is too large.
7. RH control calibration. Portions of Phases 3 and 4 of the West Building have RH control.
o RH control, when controlled accurately, can significantly increase the amount of
chilled water use, and under some circumstances can substantially increase
electricity use from reheat.
o RH control, when controlled inaccurately (primarily due to RH sensor error), can
dramatically increase CW consumption and also reheat energy use. This is
especially true if the RH sensors read too high. (If the RH sensors read too low,
then indoor RH will rise above the setpoint and create potential comfort and
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microbial growth problems.) It is important, therefore, to check the accuracy of
the RH sensors on a regular schedule. While RH sensors have generally been
found to be more accurate and stable over time than CO2 sensors, we would
nevertheless recommend calibration checks every 24 months. Sensors that are
found to be inaccurate should be calibrated or replaced.
o It is recommended that OCCC purchase one or more high accuracy, fastresponding portable RH probes that can be used for ongoing calibration checks of
sensors throughout the building. One portable sensor that FSEC staff have used
and would recommend is the Vaisala HM34F (available on-line recently for about
$485).
o SAVINGS: Maintaining accurate sensor readings is essential to minimizing the
activation of the RH control algorithms, since these algorithms call for increased
use of CW (when RH is perceived to be elevated) that in turn can also result in
increased use of reheat. The energy savings from maintaining sensor accuracy
can be very large. However, no savings estimate is presented because the range
of variables and unknowns is too large.
8. CW pumps delta-pressure reset. Implement delta-pressure reset for the secondary CW
pumps.
o The delta-pressure control setpoint can be varied based on the CW valve position
for all of the AHUs served by a given CW pump in order to reduce pump energy
consumption. Control would proceed like this:
o The BAS would poll the CW valve open status for all AHUs served by
that tertiary pump.
o If none of the CW valves were 95% open, then the delta-pressure
setpoint would be decreased by 0.5 psi.
o Valve status would be rechecked every five minutes, and if the valves’
status remains below 95% open, then the setpoint would continue to be
decreased in 0.5 psi increments until a minimum setpoint (say 2 psi) is
reached.
o If one of the CW valves is found to be at 95% or more open, then the
setpoint would be increased by 1 psi. Valves status would continue to
be rechecked every five minutes and the setpoint raised by 1 psi for
each period that one or more valves remains at 95% or higher open
status. Setpoint increases would stop once the most open valve is
below 90% open or when the setpoint reaches 15 psi.
o
Energy savings potential. In a study of the Classroom Building 1 at the
University of Central Florida (UCF) static pressure reset for the secondary pump
yielded pumping power reduction of 87.5%, with projected annual electricity
savings of $1,252. Given that the West Building of OCCC is 40 times larger than
the Classroom Building, one could expect pumping energy savings on the order of
$50,000 per year from static pressure reset.
9. HVAC scheduling. Modify HVAC scheduling to reduce AHU operation time.
o Currently, it is reported that exhibit hall AHUs operate only on days of events.
This is good practice. In some cases, the customer will request conditioning of the
exhibit halls during move-in and move-out (for which the customer pays an
additional charge).
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o Currently, it is reported that meeting room AHUs are typically operated 17 hours
per day, from 5 AM to 10 PM, whether the rooms are in use on not. It is
recommended that the meeting room AHUs be turned off except for events that
will use that meeting room.
In order to control humidity in the meeting rooms during unoccupied
periods, it may be necessary to operate the AHUs intermittently. Upon
installation of the new BAS, we recommend leaving the AHUs off but
using a humidity control algorithm to activate the AHUs in response to
RH sensors. For example, if RH reaches 60%, then the AHU could be
activated (with a 50oF supply air temperature setpoint and 30% VFD
controlled fan speed) until RH falls to 56%.
o Currently, it is reported that concourse AHUs are operated 24/7/365. It is
recommended that concourse AHU schedules of operation be reviewed and
operation time be reduced. For example, it may be practical to operate the lobby
AHUs from 6:30 AM to 9:30 PM for days when events will occur in some portion
of the building. For days when no events are scheduled, the AHU operation
period could be reduced to say 7:30 AM to 6:30 PM. During the overnight, the
AHUs could be turned off but also be activated as needed for humidity control
with the same humidity control algorithm described previously for the meeting
rooms.
o SAVINGS: From construction documents, total AHU fan horsepower is
approximately 3,130 for the non-Exhibit Hall portions of the building (for this
analysis we assume that the schedule for the Exhibit Halls will remain
unchanged), which is also equal to 2,335 kW.
For purposes of fan energy calculation, we will assume that average nonExhibit Hall AHU fan power use is 2,000 kW because some of the AHUs
are VAV. If we assume that, on average, all of the non-Exhibit Hall AHUs
operation time is reduced by 9 hours per day, then annual electricity
savings would be 6.57 million kWh. This yields annual cost savings of
$525,000 per year assuming $0.08/kWh (we realize that electricity cost
has a consumption and demand component, but it is beyond the scope of
this analysis to disaggregate those two items).
There would also be CW energy reduction. There are two sources of CW
usage reduction; 1) reduced heat into the building from AHU fan motors
and 2) reduced cooling loads on the building when the AHUs are off
(because the building will be warmer). The 6.57 million kWh of avoided
AHU fan energy represents 1.87 million ton-hours of cooling load.
(6,570,000 x 3413 Btu/kW / 12,000 Btu/ton = 1.869 million ton-hours)
with cost savings of $178,000 per year. No estimation of CW usage
reduction from reduced envelope load is provided.
Combined electricity and CW savings is projected to be $703,000 per
year.
10. VFD fan control. Install VFD AHU fan controllers on all medium to large AHUs if this has
not already been done. OCCC has already taken steps to move toward VFD fan control for
most AHUs, by purchasing 80 VFDs, and is currently preparing a contract for installation of
these VFDs.
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o SAVINGS: Installation of VFDs will enable AHU fan power reduction and
improved RH control without overcooling the space (overcooling can also lead to
activation of energy intensive reheat). Potential energy savings can occur from
reduced AHU fan speed and from better RH control that would reduce the need
for the RH control algorithm to activate in Phases 3 and 4. AHU fan energy
savings will be presented in the following section titled “Convert many AHUs in
the West Building to VAV operation”. More detail about savings related to VFD
control is discussed in the next recommendation.
11. Convert many AHUs in the West Building to VAV operation.
o Once VFDs have been installed on most or all AHUs in the West Building,
investigate the potential to modify AHU operation from constant volume to VAV
for many of these systems.
Many CV systems would operate more efficiently and with improved RH
control if converted to VAV operation.
Many of the Face and Bypass systems, which have been observed to be
and reported to be inoperable, could also be converted to VAV.
Note that OA flow rates are more difficult to control in VAV systems. If
systems are converted from CV to VAV, then steps would need to be
taken to provide the required levels of OA. Upon completion and
commissioning of the new BAS, it would then be advised to install OA
flow stations (in instances where they do not currently exist) and program
both the floor area ventilation requirement and the occupancy ventilation
requirement (either at a fixed level or, better yet, based on CO2 control).
Note that use of CO2 as the basis for ventilation control largely obviates
the OA ventilation rate control problems that exist with VAV systems,
since the CO2 sensor is able to adjust the OA dampers to respond to
occupancy, this independently of the AHU fan speed.
With VAV operation the supply air temperature (SAT) setpoint could be
lowered to perhaps 50oF. (Note that if the minimum AHU air flow rate
settings cause overcooling of the space under part-load conditions, then
the BAS programming should provide for increase of the SAT to as high
as say 60oF.) The 50oF SAT setpoint would reduce AHU fan energy use,
improve the ability of the systems to control indoor RH, and reduce or
eliminate overcooling of the concourse (since the RH control algorithms
would not need to activate).
System operation would be programmed with occupied and unoccupied
control periods.
o For AHUs that do not have VAV boxes, develop a strategy for
controlling AHU fan speed based on space temperature deviation from
set-point.
o Nights: For the concourse, turn off the AHUs at night, turning them on
only in response to elevated RH. If RH exceeds 65%, then switch
AHUs to 30% VFD control speed until RH drops to below 60%, at
which time the AHU would be turned off.
o Daytime but unoccupied: Set thermostat to 78oF.
o Daytime and occupied: Set thermostat to 75oF.
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o In addition to fan power savings, variable speed AHU fan operation yields
improved humidity control, reduced CW energy waste from overcooling, and
reduced reheat energy use.
o If AHU control is converted to VAV, then current Sequence of Operation control
schemes will need to be examined and in many cases modified to adapt to the new
AHU fan control. It may be necessary to enlist the design assistance of a
mechanical engineering firm to implement changes in SOO.
o Part of the process of assessment (of whether to or how to convert to VAV) lies in
an examination of the diffusers. The existing diffusers were, in many cases,
specified for CV systems, with the assumptions of throw and distribution that
accompany the specific style of diffuser. If the diffusers only provide acceptable
throw at higher air velocities, it might still be possible to go to VAV operation by
setting the minimum AHU fan speed fairly high (such as 35% of full fan speed) or
by changing or modifying the diffusers.
o SAVINGS: Total fan power for the non-Exhibit Hall AHUs is rated at 2,335 kW.
Some of these AHUs are VAV with VFD control. For purposes of calculation we
will assume current non-Exhibit Hall AHU fan power is 2,000 kW. Considerable
fan power electricity savings can be achieved by converting CV AHUs to VAV
operation (VFD-controlled), especially in a building like OCCC West where
much of the space is at low occupancy for much of the time. Additional savings, in
the form of CW usage reduction and reduced reheat, can be achieved by the
improved RH control that comes through VAV operation that obviates most of the
requirement for the CW valve-override RH control algorithm. Given the wide
range of variables involved, and the large number of unknowns regarding how
energy is currently being used by the systems, it is difficult to provide an accurate
energy savings estimate. Likewise, it would be nearly impossible to predict the
cost of implementing VAV operation, including the necessary modifications to the
SOO programming. Nevertheless, we provide the following ballpark savings
estimates (note the difference of 9 hours per day AHU operation time for the two
following savings calculations, based on whether the AHU schedules have been
modified or not):
Assume no AHU schedule change. If, on average, AHU fan speed (for say
70% of the non-Exhibit Hall portions of the building) could be reduced by
50% (estimated 80% fan power reduction), then fan electrical energy
consumption could be reduced by about 8.2 million kWh per year (2,000
kW x 70% x 20 hours per day x 80% x 365 days), or about $656,000 per
year (assuming $0.08/kWh). The reduced fan motor heat entering the
building would also reduce CW consumption by approximately 2.3 million
ton-hours per year or $222,000 per year. Combined savings is $878,000.
Assume reduction in AHU operation hours. If, on average, AHU fan speed
(for say 70% of the non-Exhibit Hall portions of the building) could be
reduced by 50% (estimated 80% fan power reduction), then fan electrical
energy consumption could be reduced by about 4.5 million kWh per year
(2,000 kW x 70% x 11 hours per day x 80% x 365 days), or about
$360,000 per year (assuming $0.08/kWh). The reduced fan motor heat
entering the building would also reduce CW consumption by
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approximately 1.28 million ton-hours per year or $122,000 per year.
Combined savings is $482,000.
12. Temperature settings. Raise thermostat settings.
o Currently, many meeting rooms (and other spaces) are being cooled to 70oF, 72oF,
or 74oF. We conclude this based on observing graphical display screens (located
in the automation control room), statements from OCCC staff, and limited
monitoring of space conditions using dataloggers. It is likely and possible that
setpoints have been lowered to below the design setpoint (76oF is specified in the
construction documents) in some portions of the building because some or many
of the current system designs are providing poor RH control.
o We would suggest 75oF as the default zone temperature setting for lobbies,
meeting rooms, and spaces that are occupied by events during occupied hours,
and that this setpoint be lowered only upon request. For those AHUs that will be
modified to VAV operation (if our recommendations are adopted), indoor RH will
typically be lower than currently achieved with constant volume AHUs currently
in use. Lower RH will, in turn, allow occupants to feel the same level of comfort
at a higher temperature.
o Build in a four-hour or eight-hour sunset feature to temperature adjustment
requests, which means that after four or eight hours the space temperature setting
will revert to the default.
o SAVINGS: Research performed at the Florida Solar Energy Center found that
cooling energy use declined by 8% per degree F increase in thermostat setpoint
in small to medium sized commercial buildings (Cummings et al., 1996.
Uncontrolled Air Flow in Non-Residential Buildings. http://www2.fsec.ucf.edu/en/
publications/html/FSEC-CR-878-96/index.htm). The two OCCC buildings are, of
course, much larger than the buildings studied in this report, and have cooling
loads that are more internally-driven and ventilation-driven. Even if we would
assume a much more conservative effect by saying only 4% savings per degree
rise in space temperature setting, and we assume that space setpoints are raised
from an average 72oF to an average 75oF, then annual CW consumption
reduction for the West Building would be approximately 900,000 ton-hours,
yielding annual CW consumption cost savings of approximately $85,000 in the
West Building (no demand reduction savings are counted). These calculated CW
savings assume that an approximate 44% reduction in total building CW
consumption has already occurred as a result of reduction in building ventilation
rates (both across the board and demand control ventilation reduction). Of
course, if the ventilation rate reduction recommendations contained in this report
are not implemented, then the CW savings from raised thermostat settings will be
considerably greater.
13. High efficiency chiller replacement.
o Consider replacement of one or more of existing chillers in Phase 2a with high
efficiency, direct drive, variable-speed chiller equipment.
o Consider, for example, a new generation of magnetic bearings chiller (no
lubricant in refrigerant) that has very high efficiency under part-load conditions.
For example, Turbocor chillers (http://www.turbocor.com) are advertised to
consume 0.31 kW/ton at 0.30 load factor. If one or two of the chillers in Phase 2a
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were replaced by these or comparable high efficiency units, the potential energy
and demand savings could be very large.
o SAVINGS: if two of the existing 200-ton chillers serving the Phase 2a chiller
plant were replaced, and if the current chiller efficiency is 1.0 kW/ton, and if the
replacement chillers operate at 0.5 kW/ton, and if the current 600 tons of capacity
operates at an average load factor of 0.25 (150 tons), then the annual savings
would be $53,000 per year. If the cost of replacing these two 200-ton chillers
were $240,000, then these higher efficiency chillers would pay for themselves in
electricity savings in approximately 5 years.
14. AHU fan speed static pressure setpoint reset.
o For AHUs that are currently VAV and which use VAV boxes, and for those that are
modified to become VAV systems with VAV boxes, we recommend dynamic static
pressure reset.
Static pressure reset based on zone demand is required by ASHRAE Standard 90.1
and California Title 24 for new construction for systems with DDC at the zone level.
Static pressure reset will allow the AHU fans to operate at lower speed and therefore
reduce AHU electricity use and demand. It has been demonstrated to save
considerable AHU fan energy consumption. To implement static pressure reset, a
static pressure reset algorithm would be implemented in the following manner, using
at Trim and Respond logic (see Steven T. Taylor, Increasing Efficiency with VAV
System Static Pressure Reset, ASHRAE Journal, June 2007):
Currently, AHU fan speeds are modulated based on a single, fixed static pressure
setpoint, typically in the range of 1.5 to 1.7 inWC. This level of static pressure in the
main supply duct is typically needed only when the system is operating at full load.
Under our proposed static pressure reset control, when the AHU fan is proven to be
on, the static pressure setpoint could be varied in the range of say 0.15 to 1.6 inWC
(the following derived in part from Taylor’s article).
• When the AHU fan is off, the static pressure setpoint would be set at 0.60
inWC.
• The system will poll the VAV box damper positions for the AHU and the
static pressure setpoint will be lowered by 0.04 inWC every two minutes
when no VAV box damper (served by that AHU) is at 95% or greater open.
• The system will continue to lower the static pressure setpoint by 0.04 inWC
every two minutes until a damper is found to be at 95% open or until the
setpoint has been lowered to 0.15 inWC.
o If a VAV damper is found to be 95% or greater open, then the setpoint
will be raised 0.06 inWC once every two minutes until no VAV
dampers are at 90% or greater open, or until the setpoint has reached
1.6 inWC.
o Note that the adjustment time step (check and adjust every two
minutes) and the pressure change steps (0.04 and 0.06 inWC drop and
increase, respectively) must be adjustable in order to fine-tune
(commission) the operation of the system. Tuning by trial and error is
almost always required for optimal system operation. Plotting of trend
data is the best way to test for operational stability. Another way to test
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for stability is to plot actual static pressure versus the setpoint (see
figure in Taylor’s article).
Rogue zones should be identified and corrected. A rogue zone is one
that has the VAV damper position at 95% or greater a substantial
fraction of the time, and therefore calls for high static pressure a
substantial portion of the time. With Trim and Respond logic, it is easy
to ignore one or more rogue zones, but generally it is best to modify
that zone to eliminate the rogue zone. Rogue zones are caused by:
An undersized VAV box due to improper selection or
unexpectedly high zone loads
Thermostat setpoint lower than design
Duct design problems, such as a small smoke damper that
causes a high pressure drop.
Ways to mitigate the impact of a rogue zone:
Ignore that zone when implementing the control logic. This
approach has the disadvantage that this zone will not meet its
temperature setpoint.
Limit the thermostat control range so that the temperature
setpoint for that zone cannot be lowered significantly below
design temperature.
Fix duct restrictions or sizing problems.
Replace the existing VAV box with a larger VAV box.
Add auxiliary cooling to that rogue zone.
Lower fan speeds will reduce fan energy consumption, reduce wear
and tear on the fans, and reduce the potential that various spaces will
be overcooled (which in turn could cause the requirement for reheat to
occur).
SAVINGS: If eventually 40% of the non-Exhibit Hall AHUs in the West
Building are converted to VAV systems with VAV boxes (and therefore
use static pressure to control fan speed), then the operating fan speeds
on these AHUs could be significantly reduced. For purposes of
developing a “ballpark” estimate of savings, we will compare the
probable AHU fan energy use with and without static pressure reset.
In other words, we will assume that fan energy use has already
dropped by 50% (see earlier VAV discussion) as the result of
converting many of the CV systems to VAV with fixed static pressure
control. For purposes of determining our ballpark estimate, we will
assume that static pressure reset will reduce fan energy use by another
50%. Savings calculation: 2,000 kW x 50% (previous reduction for
VAV) x 40% (of the AHUs will receive static pressure reset) x 50%
(additional fan power reduction) x 20 hours x 365 days = 1.46 million
kWh per year = $117,000 per year. The avoided fan motor heat would
reduce CW usage by 416,000 ton-hours or $40,000 per year.
Combined savings is $157,000.
SAVINGS: If we assume that AHU scheduling has reduced average
non-Exhibit Hall AHU operation time from 20 to 11 hours per day,
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then the projected savings would be 800,000 kWh per year = $64,000
per year. The avoided fan motor heat would reduce CW usage by
228,000 ton-hours or $22,000 per year. Combined savings is $86,000.
15. Exhibit hall exterior doors. There are two recommendations for reducing the loss of
conditioned air from the Exhibit Halls.
o Based on limited observations, FSEC staff have noticed that Exhibit Hall exterior
bay doors are left open. For example, Dock 8 bay door was open for at least 8
hours on August 30, and there was no clear reason why this door was open. While
the Exhibit halls are not intentionally conditioned on most days, in actuality they
are significantly conditioned even on days without events. What we have
observed is that air flows from the main building into the exhibit halls, and vice
versa. Consequently, it would save energy if these bay doors were kept closed
most of the time.
o Based on inspection of the bay doors at Dock 8, it appears that some
improvements in the seals around the doors could be implemented. Additional
investigations would be required before specific recommendations could be
offered.
o SAVINGS: no energy savings estimate is provided for this recommendation.
16. Phase 1 Hot Water Loop. Lower the temperature of the hot water loop serving Phase 1.
o This loop provides heating to the AHUs of Phase 1. Because of control problems
associated with some (or perhaps many) of the Face and Bypass AHUs (linkages
disconnected and actuators dysfunctional), considerable reheat is used to
modulate the cooling output of these Phase 1 AHUs. Based on analysis of billing
data, this loop consumes approximately 115,000 therms per year at a cost of
approximately $130,000. A portion of this heat goes to meeting space heating
needs on cold days of the year. The majority of the heat placed into this loop by
two large natural gas boilers, however, adds to the cooling load of the building
and therefore increases CW usage.
o Use the new BAS to provide HW supply temperature reset; consider using the
following BAS programming logic:
o Use 110oF hot water as the default loop temperature. The loop
temperature can be reset in real time in order to reduce natural gas
energy usage while providing successful control of zone temperatures.
o Control the hot water setpoint with a reset algorithm that raises the
loop temperature in 10oF increments. After each 10oF increase in loop
temperature, then poll zone temperatures after 15 minutes.
o If one or more of the zone temperatures are more than 1.0oF below the
zone heating setpoint temperature, then raise the loop temperature
another 10oF, and again recheck zone temperatures after 15 minutes, to
a maximum of 180oF.
o Repeat this sequence until all zones are satisfied. Once zone
temperatures have been satisfied for one hour, begin to lower the HW
loop temperature in 5oF increments, checking zone temperatures in
each case after 15 minutes.
o SAVINGS: no energy savings estimate is provided for this
recommendation
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17. Increase the space heating temperature bias. It has been reported that in some portions of
the West Building that the bias (temperature difference between the cooling setpoint
temperature and the heating setpoint temperature) has been increased by OCCC staff. This is
a good measure that is potentially saving a large amount of energy. We recommend that all
of the setpoints in the West Building be examined and adjusted so that the heating setpoint is
dropped to at least 4oF below the cooling setpoint, and perhaps as much as 8oF below the
cooling setpoint in spaces such as the concourse and service corridors where people spend
limited time, to minimize the degree to which the electric and hydronic heating is active. If
space temperatures drop below 68oF then have the BAS notify the operator so that the cause
of this cold temperature can be assessed and adjusted if necessary.
o SAVINGS: considerable savings is expected from this measure because this will
keep heating (reheating), which is very energy intensive, from activating. No
energy savings estimate is provided for this recommendation because the range of
unknowns is too great.
18. Correct the moisture accumulation problem in the Phase 1 Exhibit Hall AHUs. A
problem with moisture condensation in the Exhibit Hall AHUs has been reported. A
dedicated cooling is provided for the OA on these air handlers. With the OA cooling coil
active, moisture would accumulate on the floor of the AHU (per OCCC staff reports).
Moisture would then overflow onto the mechanical room floor, and then into the building. In
an attempt to control this moisture, drain lines were installed in the floor of some (or all)
Exhibit Hall AHUs.
o It is hypothesized by the OCCC staff that the air flow rate through the OA coil is
sufficiently high so that water droplets are drawn off of the coil and thrown past
the OA coil drain pan. According to the construction documents, there is no
damper for the OA entering through the cooling coil (visual inspection could not
confirm this). Therefore, the amount of OA cannot be adjusted or regulated.
o FSEC staff offer two alternative theories for this moisture accumulation problem.
These two theories are related.
Theory one. There are purge OA dampers on either side of the OA coil.
These dampers remain closed except during an event triggered by elevated
CO or CO2 levels in the Exhibit Hall. Cold air, perhaps 50oF or colder, is
coming off the OA coil. We hypothesize that OA is leaking past the purge
dampers. Hot and humid outdoor air that leaks through the purge dampers
comes into contact with the cold air stream coming off of the OA coil
creating a “fog”, which is small water droplets that can collect on surfaces
inside the AHU cabinet. The fog is created because the dew point
temperature of the leaking OA is higher than the temperature of the air
coming off the OA cooling coil.
Theory two. That is, that the condensation problem occurs only when the
purge dampers open in response to elevated CO2 sensor or CO sensor
signals.
• If the sensors are reading accurately, then the purge dampers
would be opening only when there are large groups of people in
the space (CO2 sensor) or equipment is active in the space (CO
sensor).
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If the CO2 or CO sensors are reading inaccurately, then the purge
dampers could open prematurely and for too much time compared
to the intended operation.
Solution: install cooling coils in front of the purge dampers. These coils
will remove moisture from air coming through the purge dampers, either
due to leakage past the dampers or when the dampers open. As a
consequence, the air passing through the purge dampers will not have
excess water vapor that can condense into fine “fog” water droplets. If this
creates a problem that the system produces too much cooling during purge
events, then the purge coil chilled water valves could be adjusted to
produce a higher discharge air temperature such as 60oF. This would
diminish or eliminate, we anticipate, the condensation problem, because
the 60oF supply air would have a dew point temperature of about 58oF
which would be sufficiently low to stop significant condensation.
Significance: eliminating the moisture condensation problem in the AHUs
will help, obviously, to eliminate potential moisture damage problems.
Furthermore, reactivating the OA cooling coil will increase the total
cooling capacity of the system and reduce the potential for humidity
control or temperature control problems in the Exhibit Halls.
SAVINGS: no CW savings are anticipated from these proposed changes.
19. Modulate the OA flow rate in the Phase 1 Exhibit Hall AHUs. According to construction
documents, there are no dampers to modulate the OA flow rate. Install OA dampers and OA
flow station to regulate the OA flow rate. This will allow setting of a minimum OA flow rate
and also modulation of the OA flow rate through the OA coil during periods of occupancy in
response to CO2 sensors. Using the new BAS, modulate the dampers based on PID control
logic as the CO2 level in the Exhibit Hall approaches the control setpoint.
o TAB should adjust this damper so that it has a minimum OA position.
o It is reported that the OA coil CW valves have been closed for the Exhibit Hall
AHUs because of the condensate spillage problem. After the modifications listed
immediately above have been implemented, the CW shut-off valve will need to be
opened.
o SAVINGS: substantial savings can be expected from reducing unnecessary
ventilation. See Appendix B for discussion of building-wide savings from
ventilation control.
20. Reestablish energy efficient operation of the Phase 1 Exhibit Hall AHUs. Currently,
these Face and Bypass AHUs modulate cooling output by means of heating valve
modulation, according to reports by OCCC technical staff. FSEC staff was able to partially
confirm this for several AHUs by observing that the actuators or linkages for the Face and
Bypass dampers were inoperable. Two options are presented assuming that VFD controllers
are installed.
o 1) Repair the actuators and linkages for the Face and Bypass dampers so that the
AHUs will operate as originally intended. As an upgrade to the system, consider
using the VFD controller to lower the AHU airflow to 50% of full flow unless the
space temperature is 1oF or more above the setpoint.
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o 2) Abandon the Face and Bypass operation of these AHUs and convert the AHUs
to VAV operation based on space temperature control. If this modification is
implemented, then
Set the face damper to 100% open and the bypass damper to 100% closed.
Install modulating CW valves, which will allow the system to maintain a
supply air temperature setpoint.
Install supply air and outdoor air airflow stations.
Set the supply airflow minimum to be equal to the OA flow rate. If CO2
control of the OA flow rate is used, then adjust the OA flow rate in real
time and adjust the minimum supply airflow rate in real time to be equal to
the outdoor airflow rate.
Provide supply temperature control based on algorithms in the new BAS
and modulating CW valves.
Modulate the AHU airflow rate based on zone temperature, lowering the
airflow rate as the zone temperature falls below the setpoint and increasing
the air flow rate as the zone temperature rises above the setpoint.
SAVINGS: it is expected that converting the AHUs to VAV operation
would eliminate a large portion of the natural gas usage associated with
natural gas Acct # 4291852. Additionally, CW usage should decline as
overcooling is reduced. Finally, fan power would also be reduced since
the fan speed would be slower during much of its operation time. Because
of a large number of unknowns, no estimate of savings has been prepared.
21. Increase CW Delta-T.
o Install pressure independent valves (PIVs). (These valves are also sometimes
referred to as pressure Independent Characterized Control Valves (PICCV)).
Replace all CW valves in the West Building with pressure independent valves.
Because PIVs have the capability to maintain a stable pressure drop across
the control valve orifice regardless of fluctuations in the CW loop
pressure, these valves allow more stable and predictable CW flow rates
through the cooling coils, reducing the “hunting” which is common with
standard two-way valves. This in turn prevents excessive CW flow rates
through coils, allows a higher return water temperature, and increases
delta-T to OUC, which can lower CW consumption charges.
SAVINGS: If CW delta-T, for example, can be increased by one degree F
from 12.25oF (current for 2007) to 13.25oF, then OCCC’s CW
consumption rate would decline by 3.3%, or $0.0034 per ton-hour. Based
on average CW consumption of 1,028,222 ton-hours per month (in 2007)
in the West Building, savings would be $3,496 per month, or
approximately $42,000 per year. Note that billing at the West Building has
not included a delta-T adjustment, but this is anticipated to change in the
near future. No reference information was available, when this report was
written, to confirm that a 1oF increase in delta-T is a realistic outcome of
installing PIVs. However, the following reference discusses several
sources of energy savings that can result from installation of PIVs, but
provides only limited details on the savings; “Pressure-Independent
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Valves Simplify Air Base’s Transition to Variable Flow”, HPAC
Engineering, November 2007.
o Gain control of the CW loop bypass. Upon gaining control of the CW loop bypass
valve (for the entire West Building), use the bypass to provide blended CW at 42oF
for normal building operation. Note that the original building design documents
called for 42oF CW. Use the bypass to provide CW temperature reset (to raise the CW
temperature) for periods when outdoor temperatures are lower. An example of a
schedule of CW temperature reset follows:
o 42oF for normal summer conditions
o 39oF (or whatever unblended CW comes from OUC) for summer days with high
building occupancy (if this is deemed to be necessary)
o 44oF for days when the overnight temperature falls in the range of 60oF to 70oF
o 47oF for days when the overnight temperature falls below 60oF
o Raising the CW supply temperature will yield greater delta-T and thereby lower
the CW consumption rate.
o SAVINGS: It is reasonable to expect that implementing this CW loop bypass and
raising the CW supply temperature to 42oF from the current typical 39oF should
allow an average three degree F increase in Delta-T. Based on OCCC’s contract
with OUC, this should yield CW consumption savings of approximately 9%, or
$110,000 per year once the West Building starts paying delta-T rate adjustments.
22. Modify the Phase 2 multi-zone AHUs. Modify the five multi-zone AHUs to operate as
VAV with VFD control. Abandon the zone dampers.
o Modulation of cooling output would be performed by parallel fan VAV boxes
with heating capability that would replace the duct heaters.
o AHU fan speed would be modulated by means of static pressure in the zone ducts.
Each zone duct would have a static pressure sensor. The BAS would poll the
static pressure sensor in each zone duct (3 or 6 zone ducts per AHU) and adjust
AHU fan speed to maintain the static pressure setpoint. Static pressure setpoint
would be reset in real time based on polling of the VAV box dampers, per the
static pressure reset sequence described in an earlier section.
o SAVINGS: no energy savings estimate is provided for this recommendation. See
savings estimates for converting to VAV found in Recommendation 10.
23. Economizer cycle adjustments in Phase 4.
o Note that the following recommendations regarding the economizer cycle in
Phase 4 depend upon that cycle actually being active.
The design documents list economizer cycle SOO for a substantial number
of AHUs in Phase 4. However, David Williams of OCCC has informed
FSEC staff that the economizer cycle has been disabled in these AHUs at
OCCC.
o Modify the SOO for some Phase 4 AHUs. Some AHUs in Phase 4 employ an
economizer cycle according to design documents. Control of the economizer
cycle is based on a differential enthalpy measurement between the OA and the
return air (RA). This raises two concerns.
First, if the enthalpy measurements are not accurate, then the system may
operate in economizer mode under circumstances that produce elevated
indoor humidity.
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In order to partly obviate this problem, it would be advisable to
modify the SOO to include a maximum OA drybulb temperature at
which the economizer will operate, such as 64oF.
Second, this could lead to a problem of humidity control because of
upward drift of RA enthalpy. If the RA conditions are say 75oF and 65%
RH and outdoor conditions are 67oF and 90% RH (in this case OA
enthalpy is lower than RA enthalpy), then it is possible under low load
conditions for indoor RH to rise substantially. It would be preferable to
control the economizer based on a comparison of OA enthalpy to a fixed
enthalpy of say 30 Btu/lb.
SAVINGS: It is expected that making these changes will reduce energy use
because RH control algorithms use considerable energy overcooling the
space and potentially requiring reheat. No energy savings estimate is
provided for this recommendation because the extent to which the
enthalpy-based economizer cycles are operational is unknown.
o Phase 4 economizer mode supply air temperature. For AHUs 1-122, 2-122, 3122, 4-122, 5-122, 6-122, 7-122, 8-122, 9-122, and 10-122, it appears that the CW
valve will maintain a coil discharge temperature no higher than 58oF (according to
the design documents) when in economizer mode even if it is a cool day when the
building requires heating. This allows the AHUs to be providing cooling and
heating of the air stream, wasting energy. Two alternative recommendations are
presented:
If the outdoor air temperature is 60oF or colder, allow the coil discharge
temperature to go to as high as 66oF, or
If the outdoor air temperature is 60oF or colder, control the CW valve to
full closed.
SAVINGS: no energy savings estimate is provided for this
recommendation.
24. Lower concourse heating setpoints. Disable heating for concourse spaces, or lower the
heating setpoint to a low temperature, such as 65oF. Given the relatively mild central Florida
climate, there would be only a few days per year when the concourse space temperatures
would fall to as low as 65oF. This low temperature would occasionally cause comfort
problems if persons spend an extended period in the concourse.
o SAVINGS: considerable energy savings could be expected from reduced space
heating with electric resistance heat. However, no energy savings estimate is
provided for this recommendation.
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4.5.3 The North/South Building
Based on a review of construction documents, this building is served by 98 air handler units
(AHUs) and 200+ fan coil units (FCUs). Due to project time constraints, no analysis has been
performed on the FCUs.
According to the construction documents, the 98 AHUs vary in size from 4 to 258 tons, with an
average cooling capacity of 151 tons. Total cooling capacity for the N/S Building is 14,782 tons.
Eleven of the 98 AHUs have no outdoor (OA); these serve the electrical rooms and the SE
Connector room. The remaining 87 AHUs have an average OA flow rate of 9,667 cfm. Many of
the AHUs are designed, per their Sequence of Operation (SOO), to operate at 25% of full OA
flow unless triggered to full open OA damper by manually switching to High Occupancy status
or if the CO2 level reaches 1,200 ppm. In total, the full design OA flow rate for the N/S building
is 841,067 cfm.
As is also true for the West Building, the content of this report and the recommendations for
energy savings contained herein focus primarily on the operation of the AHUs. The reason for
this is that the operation of the AHUs account for a large fraction of the total building energy
use. There are some differences between the West Building and the N/S Building, primarily
related to control of outdoor air and air handler fan speed. In the N/S Building, ventilation is
controlled by CO2 sensors in 86 or the 98 AHUs, and all AHUs have VAV control capability.
Discussion of HVAC systems in the North/South Building
(A list of recommendations follows this section)
All of the AHUs in the N/S Building are controlled by variable frequency drives (VFDs). All but
11 of these AHUs are considered (called in the construction documents) variable air volume
(VAV). Among AHUs used in the N/S Building, there are two major categories of VAV AHUs,
and from an operational perspective there are large differences between these categories;
1) multi-zone VAV AHUs with VAV boxes and static pressure control of the AHU fan
speed, and
2) single zone (SZ) VAV AHUs that modulate their fan speed based on zone temperature
deviation from setpoint. Many of these systems are being operated as if they were
constant volume (CV) systems because the minimum VAV airflow has been set to 50%
of full airflow. During periods of part load, the cooling capacity of these systems often
exceeds cooling load, so the cooling coil unloads (is warmed up) to modulate capacity.
The warm coil, in turn, yields poor RH control, which can lead to the RH control
algorithm and electric reheat kicking in (see discussion further in this section).
Multi-zone VAV systems allow AHU fan speed to vary from a minimum (usually 20% to 30%)
to 100% of fan speed capacity. The minimum is often set to match the OA flow rate so that the
AHU can at least condition and transport the required ventilation air. AHU fan speed is
modulated up and down based on maintaining a specified static pressure at one or more locations
in the supply ductwork. As the dampers in the VAV boxes close down or open up, they affect the
static pressure in the main supply duct. The VFD modulates the fan speed to maintain that static
pressure. Supply air temperature is maintained at approximately 55oF under most circumstances.
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If the minimum supply airflow rate overcools the space, then the supply air temperature can be
raised, typically to a level of say 60oF. If space overcooling is still occurring after the supply air
temperature has been raised to 60oF, then reheat is implemented.
The SZ VAV systems modulate fan speed based on zone temperature deviation from setpoint.
When the zone temperature matches the setpoint, the fan speed is maintained at the current fan
minimum setting of 50% of full speed. (Based on the SOO documents, the fan minimum settings
can be adjusted to lower levels allowing the systems to operate as full range VAV systems.)
Supply air temperature is maintained, typically at a temperature of 55oF. If the zone temperature
rises above the setpoint, the fan speed is reduced. If the fan speed has reached its minimum and
the zone temperature is still below the setpoint, then the CW valve will close incrementally until
fully closed (note that this produces a warm coil and poor humidity control). If the CW valve has
closed completely and the zone temperature remains below the setpoint, then electric resistance
reheat is activated to return the zone temperature to its setpoint. One advantage of lowering
building ventilation rates (see recommendations) is the that the AHU minimum airflow rate can
be reduced and this allows the system to maintain better RH control and avoid electric reheat.
The SZ VAV systems that serve the Atrium have been operated with a minimum fan speed at
50% of full speed. This has the effect of making these systems perform like constant volume
(CV) systems during periods of part-load operation. The result is that the Atrium AHUs are
substantially oversized when operating at 50% fan speed, so the CW valves close down,
warming the coil and creating poor humidity control. In this respect, the Atrium AHUs operate
as if CV systems.
The Atrium AHUs have an RH control algorithm that activates the CW valve, making the
cooling coil cold if zone RH rises to 65%. The cold coil effectively removes moisture but then
overcools the space. If the zone temperature drops to the heating setpoint (typically about 2oF
below the cooling setpoint, also called bias), then electric resistance heating is activated. OCCC
staff have correctly identified the energy waste that occurs from reheat and have adjusted to this
circumstance by implementing two measures:
1) Manually operating only a portion of the Atrium AHUs during part-load periods. The
others remain turned off. This has the advantageous effect of “right-sizing” the AHUs
(that are operating) during part-load, allowing the coils to remain cold for most of the
time. This prevents the AHUs from going into their RH control algorithm (cold coil
followed by electric reheat). The same effect would be achieved if the Atrium AHU
minimum fan flow rates were reduced to say 20% of maximum compared to the 50% that
now occurs.
2) Lowering the heating setpoint (increasing the bias) to reduce the amount of reheat
occurring. Because electric resistance heating is approximately three times more energy
intensive than CW cooling, the energy penalty associated with electric reheat is high.
OCCC has been able to reduce the occurrence of reheat by introducing a 5oF bias
(deadband) into the reheat control. Therefore, if the atrium cooling temperature setpoint
is 76oF, then the reheat will not come on until the zone temperature falls below 71oF. This
adjustment may account for a significant amount of the electricity (and to a lesser extent
CW) savings that occurred from 2005 to 2007.
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Ventilation control. In general, OA ventilation is controlled in two ways.
First, there is a Low Occupancy setting where the OA flow rate is set at 25% of full OA
flow. If occupancy is expected to be high, then the High Occupancy setting can be
manually implemented, forcing OA to full flow.
Second, while in the Low Occupancy setting, a CO2 sensor can override this minimum
ventilation setting if the CO2 level approaches 1,200 ppm.
On July 10 and 17, 2007, CO2 sensor readings were examined at several Atrium locations. Some
were reading unusually high considering that the building was largely vacant at those times.
AHU S3_7 showed a return CO2 reading of 951.5 ppm. At approximately the same time, AHU
S2_4 was reading 352.8 ppm. On July 17, 2007, AHU N2_7 showed a return CO2 reading of 992
ppm. This suggests that CO2 sensor readings may not be accurate and that recommissioning of
CO2 sensors throughout the N/S Building is called for.
Ventilation rates. The total design OA flow rate from the construction drawings for the N/S
Building is 841,067 cfm. If the original HVAC design was based on 15 cfm per person, this
suggests design occupancy of 56,000 persons. Based on revised ventilation rates in ASHRAE
Standard 62.1 (2007), the design ventilation rate could be lowered to 448,000 cfm. This is based
on 6% of floor area, or 168,000 cfm, plus 5 cfm per person, or 280,000 cfm. This represents a
47% reduction in design ventilation rate compared to the current construction documents.
During move-in and move-out days (commonly about 11 days per month), the AC systems
remain off. Conditions in the exhibit hall were shown (through the BAS) to be 81.5 to 82.1oF in
various locations at 11:23 AM on July 10, 2007. Outdoor conditions were sunny with
temperature near 90oF at that time. In order to provide some sense of cooling during move-in and
move-out without AC operation, large propeller fans (32 total units in the six N/S halls) are
activated. They blow downward at about a 45-degree angle from their position about 35 feet
above the floor level. Carbon monoxide (CO) detectors located in the exhibit halls are connected
to the BAS. Large smoke exhaust fans on the roof are operated during move-in and move-out
periods, when needed, to help maintain acceptable indoor air quality.
Because the meeting room and exhibit hall spaces are conditioned, on average, only 20% to 30%
of days, and are reported to be unconditioned at night, there is less cooling energy saving
potential for these spaces compared to the atrium spaces.
Ventilation Control
Ventilation is controlled by CO2 for all but about 12 of the 98 AHUs. Normal outdoor CO2 levels
are around 400 ppm. When people spend time in the indoor environment, they respire CO2,
thereby increasing the indoor CO2 level. Generally, CO2 is not considered a contaminant or
health risk in the indoor environment. However, when ventilation consistent with established
standards (ASHRAE Standard 62.1 (2007)) and the Florida Mechanical Code is provided to the
space, indoor CO2 levels will equilibrate at approximately 1100 ppm when 15 cfm per person is
provided. There is a several-hour period before the CO2 generation from respiration and the
ventilation dilution come into balance. Recent changes in the ASHRAE Standard allow for
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reduced ventilation in various spaces, especially common areas, meeting rooms, and places of
assembly.
The AHUs have baseline ventilation (Low OA Setpoint). This minimum ventilation is provided
during “occupied” periods regardless of the level of occupancy. It is likely that these minimum
levels can be adjusted downward. The BAS measures outdoor air (OA) flow rates and adjusts the
OA damper to meet target ventilation rates. In addition to a Low OA Setpoint, each AHU has a
High OA Setpoint. AHU S2-4, for example, has Low and High OA setpoints of 2,530 cfm and
10,120 cfm, respectively. An airflow sensor detects the OA flow rate and adjusts the OA
dampers accordingly.
The automated control system is designed to provide the Low OA Setpoint amount of ventilation
air unless CO2 levels become elevated. Typically, the CO2 control setpoints have been set to
1,200 parts per million (ppm) in the N/S Building. Actual OA flow for AHU s2-4, at 2:06 PM on
July 17, 2007, for example, was 2,720 cfm. The zone CO2 measurement (for AHU 2-4) was
340.8 ppm (note that the building had low occupancy; nevertheless, this reading is below
ambient, and certainly below the actual indoor levels that were likely in the range 450 to 550
ppm). As CO2 levels increase and approach the CO2 setpoint (e.g., 1,200 ppm), the OA dampers
begin to open based on a Proportional Integrated Derivative (PID) control algorithm, and opens
more fully as CO2 levels approach or exceed this setpoint.
Demand control of ventilation air is an excellent strategy for optimizing cooling system energy
efficiency, because it provides ventilation air only as required. This is critical because the
amount of energy involved in conditioning OA, especially in the summer, is very high.
Observation of CO2 readings (by means of the BMS) for a number of AHUs suggests that some
of the CO2 sensors are reading too high, and some too low. The CO2 reading for AHU N2-3, for
example, -500 ppm. FSEC would like to review all of the CO2 control measurements in the N/S
building during a period when the building has been largely vacant for a day or two, in order to
estimate likely energy savings from calibration of CO2 sensors.
Humidity Control
As stated earlier, the SZ VAV systems that serve the atrium spaces provide poor RH control
under reduced cooling load conditions, because the minimum fan airflow has typically been set
at 50% of full flow. During part-load the coil temperature is increased (CW valve restricts CW
flow) to reduce cooling output. As the coil warms, the ability of the system to remove water
vapor from the air stream is diminished. Humidity control is provided through the BAS by means
of RH monitoring and control. If RH exceeds 65%, the CW valves are opened to lower the coil
temperature. This will, in most cases, drop room temperature below the setpoint. Based on
current bias setting, the reheat remains off until the space temperature falls to 5 degrees below
the space setpoint. During periods when the building is at low occupancy or the sensible cooling
loads are otherwise low, OCCC staff turn off some of the Atrium AHUs so that those that are
operating will run with a colder coil and produce improved humidity control. This is good
practice in that it improves RH control and reduces combined AHU fan motor energy
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consumption. It also reduces the potential for space overcooling and electric reheat to be
activated when elevated RH is detected.
HVAC Scheduling and Control Settings
HVAC systems are scheduled, with occupied and unoccupied periods. The BAS is programmed
with standard “unoccupied” and “occupied” periods, with different setpoints, ventilation control,
and AHU operation status. In many cases, however, the HVAC control is customized to the
specific events that are occurring. Meeting rooms are unconditioned unless an event is
scheduled. Exhibit halls are not conditioned between events, and are also not conditioned during
move-in days and move-out days. Large fans are used to move air in the exhibit halls during
move-in and move-out days to provide users with an improved sense of comfort. In some cases,
customers will request lower temperature settings or conditioning of the space during move-in
and move-out. Additional charges apply. This report makes recommendations regarding review
of current scheduling practices to potentially make changes that could be implemented to reduce
HVAC system operation and energy costs.
Thermostat settings are reportedly typically 74oF during occupied periods, and 76oF during
unoccupied periods. Outdoor air dampers are reportedly closed when the AHUs are turned off.
Chilled Water Pumping
Tertiary chilled water pumps CW circulation in the building. They are at the Southwest and
Northwest measuring stations and are controlled using differential pressure setpoints of 15 psi
and 25 psi, respectively. The static pressure sensors are located at far points in the CW system.
No static pressure reset is employed. Electricity savings could be achieved by employing static
pressure reset, which is recommended in this report.
Chilled Water Billing
The chilled water contract has a minimum monthly demand which OCCC must pay, and in most
months actual demand does not exceed this minimum. Therefore, chilled water demand
reduction yields cost savings to OCCC only during a limited number of months.
If the monthly average chilled water delta-T (return minus supply) differs from 15oF, then a cost
adjustment is applied. Based on available information, it is common for the monthly average to
be in the range of 10 to 12oF, which creates a significant CW cost penalty. It is therefore
desirable to employ methods to raise the temperature of the return water.
Roof Characteristics
A white roof membrane was found to be at about 140oF at about 3:15 PM on July 10, 2007 under
bright sun when the outdoor temperature was about 95oF. Commonly white membranes are
highly reflective and have temperatures that are only about 10oF higher than the surrounding air
temperature under bright sun. The elevated temperature of this roof likely results from the fact
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that the white membrane is fairly dirty. A section of roof membrane, installed around a drain,
appeared to be much whiter, and its temperature was 130oF.
4.5.4 Recommendations for energy and utility cost savings in the N/S Building
Following is a list of energy saving opportunities for the N/S Building, with discussion of the
issues, statement of assumptions, and calculation of estimated energy savings. For a majority of
the measures, we have developed projected energy cost reductions (energy savings projections in
italics). These savings estimates are based on engineering analysis or on information gathered
from the literature. In the best case, the savings estimates are fairly reliable engineering
calculations based on weather data and psychrometrics, such as for reductions in building
ventilation rates. For other cases, however, the projected savings are “ballpark” estimates,
because much is unknown. In other cases, we have been unable to develop even “ballpark”
estimates because we lack information about how much energy is currently being used, what
level of energy usage might be expected once a measure has been implemented, or both. An
example of this last category would be electric reheat used in the N/S building.
Projected energy savings in the N/S Building is not nearly as great as in the West Building. The
three major differences between the two buildings are:
1. OA (ventilation) is already modulated by means of CO2 control in most AHUs of the N/S
Building.
2. AHU fan speeds are modulated by means of VFD controllers in a much greater
proportion of the AHUs in the N/S Building, thus saving fan energy use and the CW
water required to remove the heat generated by the AHU fans.
3. AHUs in the N/S Building are scheduled to be off a much greater proportion of the time
compared to the West Building.
Due to project time limitations, no analysis has been performed to identify energy saving
opportunities for Fan Coil Units or for exhaust systems.
Energy savings recommendations
1. Recommissioning of the HVAC systems. Recommissioning is an essential tool to keep
complex HVAC systems operating effectively and efficiently. Recommissioning would
include but should not be limited to the following:
Check the operation of actuators, linkages, and dampers for return air and outdoor air.
Check outdoor air minimum settings to see that they match design specs. OA
minimums that are set too high will lead to excessive cooling and heating energy use,
especially in a building that is occupied intermittently.
Confirm that OA dampers close during unoccupied hours (nights) and when the
AHUs turn off.
If pressure independent valves (PIVs) are installed (see later bullet on increasing
delta-T), then confirm their correct operation and adjust as necessary to achieve 15oF
or greater return minus supply CW delta-temperature.
For those systems that have RH control algorithms, set the heating setpoint at 8oF or
more below the cooling setpoint. Have the BAS send an alert to the system operator
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when space temperature drops below 68oF. Examine those events to determine why
the space temperature is so cold. This will help to identify system control problems.
These control problems should be then diagnosed and repaired, not only because they
cause comfort problems but also because they cause energy waste. Look for
opportunities to lower VAV AHU minimum airflow rates to reduce overcooling.
Check RH and CO2 sensors for accuracy against portable reference sensors that are
kept calibrated. Modern HVAC systems are complex, and the resulting indoor
conditions and especially the energy usage depends heavily upon the reliability
(accuracy) of the sensors that provide information to the brains (BAS) of the system.
• Perform periodic calibration checks of the CO2 controllers.
o During periods when the building has been largely unoccupied for 36
hours, check all CO2 sensors to see that they read values consistent
with outdoor concentrations (usually around 380 to 420 ppm).
o Purchase a quality portable CO2 measurement device that is kept
calibrated on a regular (yearly or twice yearly) basis. During more
heavily occupied periods (with considerable CO2 production from
occupants), use this portable CO2 measurement device to sample CO2
at the same locations as the CO2 controllers, and to thus make
comparisons, presumably at CO2 levels of 900 ppm or greater.
• Calibrate or replace CO2 controllers that have measurement deviation of 200
ppm or greater from the standard when measuring air with 900 ppm or greater
actual CO2 concentration. Based on our experience with sensor drift,
calibration or replacement should be performed every 18 months.
• Note that a calibration adjustment can be made by means of the BAS
programming. For example, if a CO2 controller for one AHU is reading 100
ppm too high at baseline (400 ppm) and 150 ppm too high at 1,200 ppm
(actual), then the control setpoint for CO2 could be modified for that AHU
from 1,200 to 1,350 ppm. If such adjustments are made in the BAS
programming, then the setpoints will need to be modified when sensors are
calibrated or replaced.
Calibrate or replace HVAC RH sensors/controllers.
• Perform periodic calibration checks of the RH sensors.
• Use a portable RH sensor that is kept calibrated to perform these periodic
calibration checks.
• Note that a calibration adjustment can be made in the BAS programming. For
example, if an RH controller for one AHU is reading 8 percentage points too
high at the 65% control point, then the control setpoint for RH could be
modified for that AHU from 65% to 73% to accommodate this inaccuracy. If
such adjustments are made in the BAS programming, then the setpoints will
need to be modified when sensors are calibrated or replaced.
Check OA dampers for proper operation.
• Inspect for such things as corrosion, failed actuators, mechanisms, etc.
• If OA dampers have minimum settings (Low Outdoor Air Setpoints), then
evaluate those settings to determine if those settings could be reduced.
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•

Inspect dampers to confirm that a BAS-indicated OA damper position is in
fact occurring, and that a change in that control status is confirmed by visual
observation of the damper.
• All OA dampers should be closed when the AHU is off.
SAVINGS: The energy savings from recommissioning can be very large. However, no
savings estimate is presented because of the range of unknowns, such as what systems
and sensors are out of calibration and the degree to which they might be out of
calibration.
2. Across-the-board reduction in building ventilation rates.
o Ventilation requirements in ASHRAE Standard 62.1 (2004 and 2007) are
considerably reduced compared to the requirements of ASHRAE Standard 62 (1989).
According to the 1989 Standard, office spaces, meeting rooms, and theatre lobbies
were all indicated to require 20 cfm per person. Malls and arcades required 0.2 cfm
per square foot. Based on the current ASHRAE standard (2007), most spaces in the
N/S Building require 5 cfm per person plus 0.06 cfm per square foot.
o Reduce ventilation rates.
• Evaluate current minimum OA setpoints (called Low Outside Air Setpoint)
and reduce those setpoints to the lowest possible while still meeting ASHRAE
Standard 62.1 and the Florida Mechanical Code.
• Consider programming the BAS to allow very low OA setpoints during
“occupied” periods that are essentially unoccupied (very low occupancy).
Consider the following for the Atrium spaces:
o Set the Low Outside Air Setpoint ventilation rate to 0.06 cfm/ft2. PID
control of the outdoor air dampers using signal from the CO2 sensors
would then be used to provide the 5 cfm per person ventilation for
people.
o Examine the High Outside Air ventilation setpoint for the Atrium
spaces and reduce these setpoints to be consistent with ASHRAE
Standard 62.1.
• Shut the OA dampers during “unoccupied” periods and when the AHUs are
off. We believe that this is already being done; check to confirm.
• Review of the construction documents finds design OA of approximately
840,000 cfm for the entire N/S Building. We do not know the design
occupancy. However, if we assume 15 cfm per person, then the design
occupancy would be 56,000 people. Based on 0.06 cfm per square foot and 5
cfm per person, the new ventilation requirement would be 448,000 cfm.
Assumptions for determining savings: Reduction in ventilation can be estimated, but
will require making assumptions.
o First, we will assume that the OA rates have been kept at the Low Occupancy
setting for all AHUs in the N/S building, which is 25% of design OA flow, for say
80% of the time. Under this assumption, the average OA flow rate for the N/S
building would be 40% of design airflow, or 336,427 cfm.
o Second, if the design OA rates are decreased by 47%, the Low Occupancy setting
is 25% of this new reduced OA flow rate, and the OA flow rates are kept at Low
Occupancy 80% of the time, then the reduction in total OA ventilation rate would
be 178,306 cfm (if all the AHUs were operating simultaneously).
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o Third, we need to make an assumption about what proportion of the time the
AHUs are currently operating.
Exhibit Hall plus Assembly AHUs, which currently have design OA flow
rates of 315,900 cfm, operate 84 hours per month (11.5% of the time =
36,328 cfm).
Meeting Room AHUs, which currently have design OA flow rates of
249,206 cfm, operate 40 percent of the time, and for 14 hours per day
(23.3% of the time = 58,148 cfm).
Atrium AHUs, which currently have design OA flow rates of 268,005
cfm, operate 60 percent of the time (60% of the time = 160,803 cfm).
Other AHUs, which currently have design OA flow rates of about 8,000
cfm, operate 50 percent of the time (50% of the time = 4,000 cfm).
o Based on these assumptions, we conclude:
The average OA flow, as the systems are currently operated, is 259,279
cfm, requiring 2.0 million ton-hours per year to condition.
After a 47% reduction in the OA flow rate, the average OA flow rate
would be 137,418 cfm, requiring 1.08 million ton-hours per year. CW
energy savings have been calculated to be 953,000 ton-hours per year,
with cost savings of $90,500 per year.
o Note that implementing across-the-board reductions in the OA flow rates will
have another very important impact on system operation. With reduced design
OA flow rates, the 25% OA flow rate settings will be smaller as well. This will
allow the minimum VAV AHU flow rate to be dropped by approximately 47%.
Under this circumstance, the AHUs will be able to provide reduced cooling
output, thus being able to maintain good humidity control without the need for
overcooling of the space or reheat activation.
• SAVINGS: Based on the current ASHRAE standard, most spaces in this building require
0.06 cfm per square foot and 5 cfm per person. For 2.8 million square feet of building
floor area, the ventilation requirement calculates to approximately 168,000 cfm. For
occupancy of 56,000 people, the ventilation requirement calculates to 280,000 cfm. The
combined floor area requirement and occupancy requirement is then 448,000 cfm, a
392,000 cfm or 47% reduction in OA from the current 840,000 cfm. Apart from any
demand ventilation that might be implemented (see following bullet), this 47% reduction
in building ventilation could yield savings of $90,000 per year in CW consumption
(assuming $0.095 per ton-hour consumption cost.)
3. Demand control ventilation. A review of the construction documents indicates that most
AHUs in the N/S building already have CO2 control of ventilation.
The current CO2 control point is 1,200 ppm. Based on the new ASHRAE Standard
62.1 (2007), this setpoint can be raised to 1,700 ppm.
SAVINGS: Raising the CO2 setpoint from 1,200 ppm to 1,700 ppm will reduce the
number of hours that the OA dampers are opened to their maximum position. It is
difficult to know how many hours per year this would apply. If we assume that CO2
levels reach 1,200 ppm during 5% of the year, and that raising the control point to
1,700 ppm would eliminate 40% of those hours, then the following savings can be
projected. If we say that the new design OA ventilation rate (after 47% across-theboard reduction) is 448,000 cfm, that 40% of the 5% at full ventilation is eliminated
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(due to higher CO2 setpoint), then the calculated annual savings are 99,000 ton-hours
and $9,400. (448,000 x 40% x 5% x 8760 hours/12 mo * .075 lb/ft2 = 4.9 million lb per month)
4. Examine exhaust flow rates.
a. It is important that the building operates at positive pressure with respect to outdoors
during hot and humid weather (approximately May 15 through November 15). FSEC
is recommending reduction of OA flow rates to match new, lower rates in ASHRAE
Standard 62.1 (2007) and also cutting back on ventilation rates based on occupancy
(CO2 sensors). With these OA reductions, it will be important that exhaust air flow
rates do not exceed combined OA plus make-up air (MA).
b. Examine exhaust airflow rates and reduce those airflow rates where possible.
i. For example, ASHRAE Standard 62.1 (and the Florida Mechanical Code)
now require only 50 cfm of exhaust per toilet fixture, compared to 2 cfm per
square foot. This typically represents a substantial reduction in total exhaust
from bathrooms.
ii. For example, variable speed kitchen exhaust (and MA) controllers (such a
Melink Corporation Intellihood) can be used to keep the exhaust flow rates at
a minimum level (often about 30% of maximum) during periods of light
cooking.
c. SAVINGS: Maintaining the building at positive pressure during high outdoor dew
point temperature portions of the year is essential for indoor RH control and IAQ
control. Reduced EA flow rates will save on fan power. However, no savings estimate
is presented because the range of variables and unknowns is too large.
5. RH control calibration. Portions of the N/S Building, especially the Atrium spaces, have an
RH control algorithm.
RH control, when controlled accurately, can significantly increase the amount of
chilled water use, and under some circumstances can substantially increase electricity
use from reheat.
RH control, when controlled inaccurately (typically due to RH sensor error), can
dramatically increase CW consumption and also reheat energy use. This is especially
true if the RH sensors read too high. (If the RH sensors read too low, then indoor RH
will rise above the setpoint and create potential comfort and microbial growth
problems.)
It is important, therefore, to check the accuracy of the RH sensors on a regular
schedule. While RH sensors have been found to be more accurate and stable over
time than CO2 sensors, we would nevertheless recommend calibration checks every
24 months. Those sensors that are found to be inaccurate should be calibrated or
replaced.
It is recommended that OCCC purchase one or more high accuracy, fast-responding
portable RH probes that can be used for ongoing calibration checks of sensors
throughout the building. One example of a portable sensor that FSEC staff have used
and find reliable is the Vaisala HM34F.
SAVINGS: Maintaining accurate sensor readings is essential to minimizing the
activation of the RH control algorithms, since these algorithms call for increased use
of CW that in turn can also result in overcooling of the space and increased use of
reheat. The energy savings from maintaining sensor accuracy can be very large.
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However, no savings estimate is presented because the range of variables and
unknowns is too large.
6. Implement static pressure reset for VAV AHUs. Static pressure reset based on zone
demand is required by ASHRAE Standard 90.1 and California Title 24 for systems with
DDC at the zone level. Static pressure reset will allow the AHU fans to operate at lower
speed and therefore reduce AHU electricity use and demand. It has been demonstrated to
save considerable AHU fan energy consumption. To implement static pressure reset, a static
pressure reset algorithm would be implemented in the following manner, using at Trim and
Respond logic such as that which follows (see Steven T. Taylor, Increasing Efficiency with
VAV System Static Pressure Reset, ASHRAE Journal, June 2007):
o When the fan is off, the static pressure setpoint would be set at 0.60 inWC.
o When the AHU fan is proven to be on,
The static pressure setpoint will be varied in the range of 0.15 to 1.6
inWC.
The system will poll the VAV box damper positions served by the AHU
and the static pressure setpoint will be lowered by 0.04 inWC every two
minutes when none of the VAV box dampers are at 95% or greater open.
The system will continue to lower the static pressure setpoint by 0.04
inWC every two minutes until a damper is found to be at 95% open or
until the setpoint has been lowered to 0.15 inWC.
If a VAV damper is found to be 95% or greater open, then the setpoint
will be raised 0.06 inWC once every two minutes until no VAV dampers
are at 90% or greater open, or until the setpoint has reached 1.6 inWC.
o Note that the adjustment time step (check and adjust every two minutes) and the
pressure change steps (0.04 and 0.06 inWC drop and increase, respectively) must
be user adjustable in order to fine-tune (commission) the operation of the system.
Tuning by trial and error is almost always required for optimal system operation.
Plotting of trend data is the best way to test for operational stability. Another way
to test for stability is to plot actual static pressure versus the setpoint (see
ASHRAE Journal June 2007 article by Steven Taylor).
o Rogue zones should be identified and corrected. A rogue zone is one that has the
VAV damper position at 95% or greater a substantial fraction of the time, and
therefore calls for high static pressure a substantial portion of the time, when other
VAV box dampers are substantially open. With Trim and Respond logic, it is easy
to ignore one or more rogue zones, but generally it is best to modify that zone to
eliminate the rogue zone. Rogue zones are caused by:
An undersized VAV box due to improper selection or unexpectedly high
zone loads
Thermostat setpoint lower than design
Duct design problem, such as a small smoke damper that causes a high
pressure drop or large duct leakage.
o Ways to mitigate the impact of a rogue zone:
Ignore that zone when implementing the control logic. This approach has
the disadvantage that this zone will not meet its temperature setpoint for
significant periods.
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Limit the thermostat control range so that the temperature setpoint for that
zone cannot be lowered significantly below design temperature.
Fix duct restrictions, sizing problems, or duct leakage.
Replace the existing VAV box with a larger VAV box.
Add auxiliary cooling to that rogue zone.
o Lower AHU fan speeds resulting from static pressure reset will reduce fan energy
consumption, wear and tear on the fans, reduce the potential that various spaces
will be overcooled (which in turn could cause the requirement for reheat to
occur), and increase the service life of air filters.
• SAVINGS: If 50% of the non-Exhibit Hall AHUs in the N/S building are VAV systems
with VAV boxes (and therefore use static pressure to control fan speed), and that on
average 60% of these AHUs are operating at any given time, and if we assume that
implementing static pressure reset can reduce fan energy use by 50%, then the energy
savings would be as follows. Savings calculation: 1,648 kW x 50% of non-Exhibit Hall
AHUs x 50% (average power use factor for VAV AHUs) x 60% of the AHUs operating x
50% (additional fan power reduction from static pressure reset) x 24 hours x 365 days =
1.08 million kWh per year = $87,000 per year. Chilled water usage reduction from
avoided fan motor heat (which becomes cooling load) is 307,000 ton-hours per year =
$29,000 per year. The total combined savings is $116,000 per year.
7. Expand range of VAV (especially in the Atrium spaces) to full range VAV operation
(e.g., 25-100% fan speed range).
o Lower the minimum fan speed for AHUs that serve the Atrium spaces to operate in a wider
range of fan speeds, to allow the system to maintain a cold coil most of the time even during
part-load operation and avoid overcooling and reheat.
These SZ VAV systems would operate more efficiently and with improved RH
control if converted to wider range fan speed operation.
• There would be fan speed savings.
• There would be CW savings.
• There would be reheat savings.
There would be no need to turn off approximately half of the Atrium AHUs since the
cooling capacity of the AHUs would be greatly reduced compared to their current
50% of full airflow minimum setting.
System operation would be programmed with occupied and unoccupied control
periods.
o Set the minimum AHU fan speed equal to 25% of the OA flow rate, or 20% of
maximum AHU fan speed, whichever is greater. If the CO2 sensor calls for
ventilation, then have the VFD raise the fan speed to equal the maximum OA
setting. Once CO2 control has been satisfied, return to dT control of AHU fan
speed.
o Nights: For the Atrium spaces, turn off the AHUs at night, turning them on only
in response to elevated RH. If RH exceeds 65%, then switch AHUs to 30% VFD
control speed with 50oF supply air setpoint until RH drops to below 60%, at
which time the AHU would be turned off.
o Daytime but unoccupied: Set thermostat to 78oF.
o Daytime and occupied: Set thermostat to 75oF.
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SAVINGS: Total fan power for the Atrium AHUs is rated at 884 kW at full speed. Under
the assumption that the Atrium AHU fans are running at 55% fan speed now (221 kW),
on average, and that implementing an expanded range of AHU fan speed (e.g., 25% to
100%), and we assume that the average fan speed after modifications is 35% (88.4 kW),
and that the AHUs are turned off an average 10 hours per night, then the AHU fan
energy savings would be as follows. Calculated fan energy savings would be 678,000
kWh per year. This is calculated as: ((221 kW – 88.4 kW) x 14 hours per day x 365 days),
or about $54,000 per year (assuming $0.08/kWh). The reduced fan motor heat entering
the building would also reduce CW consumption by approximately 190,000 ton-hours or
$18,000 per year.
8. CW pumps delta-pressure reset. Implement delta-pressure reset for the secondary/tertiary
CW pumps.
The delta-pressure control setpoint can be varied based on the CW valve position for
all of the AHUs served by a given CW pump in order to reduce pump energy
consumption. Control would proceed like this:
• The BAS would poll the CW valve open status for all AHUs served by that
tertiary pump.
• If none of the CW valves were 95% open, then the delta-pressure setpoint
would be decreased by 0.5 psi.
• Valve status would be rechecked every five minutes, and if the valves’ status
remains below 95% open, then the setpoint would continue to be decreased in
0.5 psi increments until a minimum setpoint (say 2 psi) is reached.
• If one of the CW valves is found to be at 95% or more open, then the setpoint
would be increased by 1 psi. Valves status would continue to be rechecked
every five minutes and the setpoint raised by 1 psi for each period that one or
more valves remains at 95% or higher open status. Setpoint increases would
stop once the most open valve is below 90% open or when the setpoint
reaches 15 psi.
Energy savings potential. In a study of the Classroom Building 1 at the University of
Central Florida (UCF) static pressure reset for the secondary pump yielded pumping
power reduction of 87.5% with projected annual electricity savings of $1252. Given
that the N/S Building of OCCC is about 25 times larger than the Classroom Building,
a ballpark savings estimate would be pumping power reduction of about $30,000 per
year from static pressure reset.
9. HVAC scheduling. Modify HVAC scheduling to reduce AHU operation time.
o Exhibit Halls. Currently, it is reported that exhibit hall AHUs operate only on days of
events. This is good practice. Even during move-in and move-out days, the AHUs
remain off. In some cases, the customer will request conditioning of the exhibit halls
during move-in and move-out (for which the customer pays an additional charge).
o Meeting rooms. Currently, it is reported that meeting room AHUs are typically
turned off on days when the rooms are not in use. This is good practice.
Currently, the meeting rooms do not have an RH control sensors or
algorithms. In general the multi-zone VAV systems that serve the meeting
rooms should be effective at controlling space RH. Nevertheless, it might be
useful to add RH control to the BAS, especially for unoccupied periods.
During unoccupied periods, it would be beneficial to be able operate the
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AHUs intermittently if space RH rises. This would allow the AHUs to stay
off, but automatically be turned on if room RH rises. For example, if RH
reaches 65%, then the AHU could be activated (with a 50oF supply air
temperature setpoint, 30% VFD controlled fan speed, and OA dampers
closed) until RH falls to 60%.
o Atrium AHUs. Currently, it is reported that Atrium AHUs are operated 24/7/365,
though some are turned off during part-load periods to improve RH control, avoid
overcooling, and reduce reheat.
• It is recommended that scheduling of AHU operation in Atrium spaces be
reviewed and operation time be reduced. For example, it may be practical to
operate the lobby AHUs only from 6:30 AM to 9:30 PM for days when events
will occur in some portion of the building. For days when no events are
scheduled, the AHU operation period could be reduced to say 7:30 AM to
6:30 PM. During the overnight, the AHUs could be turned off but also be
activated as needed for humidity control with the same humidity control
algorithm described for the meeting rooms.
•
SAVINGS: From construction documents, total AHU fan horsepower is 1,185
(884 kW) for the Atrium AHUs at full fan speed.
For this analysis we assume that the schedule for the meeting rooms and
Exhibit Halls will remain unchanged. For purposes of fan energy calculation, we
will assume that the average Atrium AHU fan is currently operating at 50% of full
speed during the overnight period, and that based on current practice, that 65%
of the AHUs are kept on (35% are turned off).
Power use drops exponentially with reduced fan speed. A 50% reduction
in fan speed yields an approximate 80% reduction in fan power.
If we assume that the Atrium AHUs operation time is reduced by 11 hours
per day, then annual electricity savings would be 460,000 kWh, respectively (884
kW x 20% x 65% x 11 hours x 365 days = 460,000 kWh). This yields annual cost
savings of $37,000 per year assuming $0.08/kWh (we realize that electricity cost
has a consumption and demand component, but it is beyond the scope of this
analysis to disaggregate those two cost components).
There would also be CW energy reduction.
•
Heat given off by the AHU fan motors (for the period when the
fans are now turned off) would be equal to 130,000 ton-hours that would
yield cost savings of $12,300 per year.
•
There would also be building envelope cooling load reduction
during the 11-hour overnight period since the delta-T across the envelope
would decrease. Prediction of this load reduction is difficult. Furthermore,
some of the reduced CW usage during the overnight would lead to
increased load at start-up in the morning due to stored heat in the
building thermal mass. No estimate of reduced envelope delta-T savings is
provided.
10. Calibrate or replace CO2 controllers.
• Perform periodic calibration checks of the CO2 controllers.
o Historically, CO2 sensors have not been found to be accurate over time.
Examination of CO2 sensor readings from five AHUs on July 10 or July 17, 2007,
66

found two of the CO2 sensors reading between 900 and 1,000 ppm when there
were relatively few people in the building. It is important, therefore, that a
rigorous plan of CO2 sensor calibration and/or replacement be implemented.
Based on the experience of FSEC staff, we recommend that CO2 sensors be
calibrated or replaced every 18 months.
o During periods when the building has been largely unoccupied for 36 hours,
check all CO2 sensors to see that they read values consistent with outdoor
concentrations (usually around 380 to 420 ppm).
o Purchase a quality portable CO2 measurement device which is kept calibrated on a
regular (yearly or twice yearly) basis. During occupied periods (with considerable
CO2 production from occupants), use this portable CO2 measurement device to
sample CO2 at the same locations as the CO2 controllers, and to thus make
comparisons, presumably at CO2 levels of 1,000 ppm or greater.
o Calibrate or replace CO2 controllers that have measurement deviation of 150 ppm
or greater from the standard when measuring air with 1,000 ppm or greater actual
CO2 concentration. Based on our experience with sensor drift, calibration or
replacement should be performed every 18 months.
o Note that a calibration adjustment can be made by means of the BAS
programming. For example, if a CO2 controller for one AHU is reading 120 ppm
too high at baseline (400 ppm) and 250 ppm too high at 1,200 ppm (actual), then
the control setpoint for CO2 could be modified for that AHU from 1200 to 1450
ppm.
• Check OA dampers for proper operation.
o Inspect for such things as corrosion, failed actuators, mechanisms, etc.
o If OA dampers have minimum settings (Low Outdoor Air Setpoints), then
evaluate those settings to determine if those settings could be reduced or
eliminated.
o Inspect dampers to confirm that a BAS indicated OA damper position is in fact
occurring, and that a change in that control status is confirm by visual observation
of the damper.
o All OA dampers should be closed when the AHU is off.
• SAVINGS: Maintaining accurate sensor readings is essential to preserving the energy
savings that are otherwise achieved by implementing demand control of ventilation. The
energy savings from maintaining sensor accuracy can be very large. However, no
savings estimate is presented because the range of unknowns is too large.
11. Temperature settings. Raise space temperature setpoints.
o Limited spot checks, longer-term monitoring, and space temperature setpoints (from
“Standard Summary” sheets) obtained by FSEC suggests that temperature control settings
are variously in the range of 66oF to 76oF. Of five “Standard Summary” sheets for five
AHUs, three setpoints were at 72oF and two were at 76oF, at the time that the summary
pages were printed.
o We would suggest 75oF as the default zone temperature setting for lobbies,
meeting rooms, and spaces that are occupied by events during occupied hours,
and that this setpoint be lowered only upon request. Additionally, when
setpoints are lowered, build in a four-hour or eight-hour sunset feature for
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those temperature adjustment requests, which means that after four or eight
hours the space temperature setting will revert to the default.
o During periods when the building or zones of the building are largely empty,
then raise the setpoint during “occupied” hours from 76oF to 78oF. Research
has found that cooling energy use savings (for buildings that are not internalload dominated) are on the order of 6 to 8 percent for each degree that the
setpoint is raised. During low occupancy periods, the OCCC can be
considered to be not internal-load dominated.
o SAVINGS: Research performed at the Florida Solar Energy Center found that cooling
energy use declined by 8% per degree F increase in thermostat setpoint in small to
medium sized commercial buildings (Cummings et al., 1996. Uncontrolled Air Flow in
Non-Residential Buildings. http://www2.fsec.ucf.edu/en/ publications/html/FSEC-CR878-96/index.htm). The OCCC buildings are, of course, much larger than the buildings
studied in this report, and have cooling loads that are more internally-driven and
ventilation-driven. Even if we would assume a much more conservative effect by saying
only 4% savings per degree rise in space temperature setting, and we assume that space
setpoints are raised from an average 72oF to an average 75oF, then annual CW
consumption reduction for the N/S Building would be approximately 1.03 million tonhours, yielding annual CW consumption cost savings of approximately $98,000 in the N/S
Building (no demand reduction savings are counted). These calculated CW savings
assume that an approximate 12% reduction in total building CW consumption has
already occurred as a result of reduction in building ventilation rates (both across the
board and demand control ventilation reduction). Of course, if the ventilation rate
reduction recommendations are not implemented, then the CW savings from raised
thermostat settings will be somewhat greater.
12. Increase the heating temperature bias. It has been reported that in Atrium portions of the
N/S Building that the bias (temperature difference between the cooling setpoint temperature
and the heating setpoint temperature) has been increased. This is good and is potentially
saving a large amount of energy. We recommend that all of the setpoints in the N/S Building
be examined and adjusted so that the heating setpoint is dropped to 8oF below the cooling
setpoint, to minimize the degree to which the electric reheat is active.
• SAVINGS: energy savings estimates are discussed in Appendix C.
13. Loading dock exhaust fans. Consider reducing the operation time of the loading dock
exhaust fans. One possibility would be to install CO controllers, and activate the loading
dock exhaust fans when CO levels exceed 9 ppm (CO would act as a surrogate for other
vehicular-generated air contaminants).
• SAVINGS: no energy savings estimate is provided for this recommendation because we
have no data about the current operation time of these fans.
14. Improve CW Delta-T. Chilled water delta-T has decreased over the past 30 months in the
N/S Building. This has caused the price of chilled water to increase. By contrast, delta-T has
increased in the West Building over the past 30 months.
• Install pressure independent valves (PIVs). (These valves are also sometimes referred
to as Pressure Independent Characterized Control Valves (PICCV)). Consider replacing
all CW valves in the N/S building with pressure independent valves.
o Because PIVs have the capability to maintain a stable pressure drop across the
control valve orifice regardless of fluctuations in the CW loop pressure, these
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valves allow more stable and predictable CW flow rates through the cooling coils.
This in turn prevents excessive CW flow rates through coils, allows a higher
return water temperature, reduces the amount of “hunting” that the valves
perform, and increases delta-T to OUC. This can lower CW consumption charges.
o SAVINGS: If CW delta-T, for example, can be increased by one degree F from
13.61oF (current for 2007) to 14.61oF, then OCCC’s CW consumption rate would
decline by 3.1%, or $0.0032 per ton-hour. Based on average CW consumption of
720,000 ton-hours per month (30-month average) in the N/S Building, savings
would be $2304 per month, or approximately $26,600 per year. No reference
information is available, when this report was written, to confirm that a 1oF
increase in delta-T is a realistic outcome of installing PIVs.
• Gain control of the CW loop bypass. Upon gaining control of the CW loop bypass
valve (for the N/S Building), use the bypass to provide blended CW at 42oF for normal
building operation. Use the bypass to provide CW temperature reset (to raise the CW
temperature) for periods when outdoor temperatures are lower (less cooling load). A
schedule of CW temperature reset could be (for example),
o 42oF for normal summer conditions
o 39oF (or whatever unblended CW comes from OUC) for summer days with high
building occupancy (if this is deemed to be necessary)
o 44oF for days when the overnight temperature falls in the range of 60oF to 70oF
o 47oF for days when the overnight temperature falls below 60oF
o Raising the CW supply temperature will yield greater delta-T and thereby lower
the CW consumption rate.
o SAVINGS: It is reasonable to expect that implementing this CW loop bypass and
raising the CW supply temperature to 42oF from the current typical 39oF should
allow a three degree F increase in Delta-T. Based on OCCC’s contract with
OUC, this should yield CW billing savings of approximately 9%, or $74,000 per
year in the N/S Building.
15. Turn off transformers. Turn off transformers serving the exhibit hall exhibitors during
periods when there are no events and will decrease cooling load as waste heat will be
eliminated.
o This can be performed manually or an automated system could be installed to
perform this task.
o SAVINGS: energy savings analysis has been discussed in Appendix C.
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4.5.5 Summary of Projected Savings from 38 HVAC Energy Savings Measures
Table 7. West Building recommended measures for energy savings (NA = not available; NC =
no cost or limited cost, which may involve BAS programming).
MEASURE
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Building automation system
Recommissioning HVAC
Reduce OA (across the board)
Reduce OA (demand control)
Examine exhaust airflow rates
CO2 sensor calibration
RH sensor calibration
CW pump static pressure reset
HVAC scheduling
VFD fan control
Convert AHUs to VAV
Raise thermostat settings
Replace two chillers (Phase 2a)
AHU static pressure reset
Exhibit hall doors
Phase 1 hot water loop temp. reset
Increase heating/cooling temp. bias
Correct Phase 1 AHU condensation
Modulate Phase 1 OA flow
Repair/modify Phase 1 AHUs
Increase CW Delta-T 3
Modify Phase 2 multi-zone AHUs
Adjust Phase 4 economizer cycle
Lower concourse heating setpoints
SUM

Savings
(kWh/yr)

Savings
(ton-hrs/yr)

4,950,000
2,950,000

625,000
6,570,000
4,500,000
660,000
800,000

1,870,000
1,280,000
900,000
228,000

Savings ($/yr)
NA
NA
$470,000
$280,000
NA
NA
NA
$50,000
$703,000
NA
$482,000
$85,000
$53,000
$86,000
NA
NA
NA
none
NA
NA
$152,000
NA
NA
NA
$2,361,000

Cost ($)
NA
NA
NA
$414,000 1
NA
NA
NA
NC
NC
NA
NA
NA
$240,000 2
NC
NA
NC
NC
NA
NA
NA
NA
NA
NA
NA

1

Cost is based on $2,000 per AHU.
Cost is based on installed cost of $600 per ton for these chillers.
3
Savings occur not from energy use reduction but from delta-T adjustment in OUC’s billing formula
2

Table 8. North/South Building recommended measures for energy savings (NA = not available;
NC = no cost or limited cost, which may involve BAS programming).
1
2
3
4
5
6
7
8
9
10
11
12
13
14
1

MEASURE
Recommissioning HVAC
Reduce OA (across the board)
Reduce OA (demand control)
Examine exhaust airflow rates
RH sensor calibration
AHU static pressure reset
Expand range of VAV operation
CW pump static pressure reset
HVAC scheduling
CO2 sensor calibration
Raise thermostat settings
Increase heating/cooling temp. bias
Reduce loading dock EA fan time
Increase CW Delta-T 1
SUM

kWh

Ton-hours
950,000
99,000

1,080,000
678,000
375,000
460,000

307,000
190,000
130,000
1,030,000

Savings ($/yr)
NA
$90,000
$9,400
NA
NA
$116,000
$72,000
$30,000
$49,300
NA
$98,000
NA
NA
$101,000
$565,700

Cost ($)
NA
NA
NC
NA
NA
NC
NC
NC
NC
NA
NA
NC
NC
NC

Savings occur not from energy use reduction but from delta-T adjustment in OUC’s billing formula.
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Other Savings Opportunities
Lighting Efficiency
Electric light appears to be controlled reasonably well at OCCC based on limited monitoring and
observations. The system consists of three primary control systems, Lutron system in the newest
N/S building and GE and Strand systems in the older West building. Due to the large size of
these buildings, most of the space requires at least minimal illumination for life/safety
requirements when unoccupied. A lot has been done to reduce this minimal level while still
meeting minimal requirements.
Perhaps the greatest potential for energy waste is in the meeting rooms because so much lighting
has been put in place. Current control is able to limit the maximum from staying on for long
periods of time during unoccupied periods, which is good, but much of the lighting is
incandescent. Typical meeting rooms (the smallest subdivision of the larger meeting room zones)
have at least 48 dimmable incandescent light fixtures and another 48 four-foot T8 fluorescent
lamps. Staff did not know the wattage of the incandescent lamps when asked during a site visit,
but an incandescent lamp on a service cart outside one meeting room was noticed that it was
rated at 250 watts and was similar to those installed in the meeting rooms. At full capacity, 48
bulbs consume 12 kW of electricity. If, for example, there are 100 meeting rooms in the N/S
building with comparable levels of lighting, then the incandescent light could potentially draw
1.2 MW of power if all were operating at full capacity simultaneously. This is equal to 4.1
million Btus of sensible cooling load, or 341 tons of cooling. It would be instructive to know the
operation time and intensity of the incandescent lighting.
Many of these could be replaced with dimmable CFL that would still allow variable control of
light levels and reduce energy usage. Currently, screw in type CFL are available that could be
immediately placed into incandescent fixtures. Dimmable lamps rated at about 15 Watts are
about $15 each with a rated life of 8,000 hours, 24 watts with equivalent output of 100 W incand.
bulb. Given that there are so many fixtures, dimmable CFL would not have to be used for
variable illumination. Standard screw in CFL can be used with costs as low as $5 each. Other
CFL with output similar to 250 W lamps use about 60W and cost around $20 each.
Lighting variability could be obtained by controlling specific light circuits instead of using a
dimmer which also has energy lost through heat dissipation. Lighting evaluations should be done
to determine the maximum amount of CFL needed to provide adequate light at maximum
requirement. The time that costs could be recovered depend on how much lighting is used. If the
time each lamp is used is about 2,200 hours per year, then 418 kWh could be reduced per lamp
per year. This is worth about $33 in energy costs and provides a payback in less than one year.
CFL technology has matured in the last few years and offers a variety of qualities such as
different color temperature outputs and color rendering indexes of at least 82. One last
consideration should be whether several CFL in this kind of density have the potential to create
any disturbance of wireless electronics. Given the height of ceiling it is not expected to be a
problem.

71

Escalators and Elevators
There are many escalators and elevators at OCCC. Most of the escalators were observed to be in
areas when no events are held, however some were still operational. Power-saving controls have
been developed for large electric motors of escalators and elevators that are left on for long
periods of time and have significant periods of low utilization. Power Efficiency Corporation is
one known company that provides such equipment that has been studied in utility programs. At
this time we have no knowledge of other companies with this specific application with published
third-party results. This specific company is used as an example, but is not being endorsed or
recommended. They report that they regulate the power consumed by an AC induction motor in
two ways. The first thing it does is determine the phase difference between the motor voltage and
motor current. The second way is by using a resulting error signal to gate thyristors that power is
supplied to the motor through. This reduces the current delivered to an under-loaded motor. As
more people occupy the escalator or elevator, more power is supplied without a change in speed.
Recent studies reported in 2006 by Nevada Power indicate a cost of $2,800 to outfit two 20 HP
motors used for escalators had a payback of about 1.7 years. Implementation into one 60 HP
elevator motor cost $3,800 and has a calculated payback of 8.9 years. Other studies involving
10-15 HP escalator motors indicate a range of kWh savings of about 17%-29% and elevator
savings using motors 50 HP-75 HP ranging from 12%-60%. The best potential for savings is for
equipment that is left on long periods that is barely used or very lightly loaded.
Utilization of this type of technology could be cost effective for at least some equipment at
OCCC. Based on the Nevada Power study, savings are about $823 per escalator motor per year.
If this were implemented in 10 escalators, the savings could be about $8,000 per year. Due to the
long payback on elevators, only those with large motors that are used often, but with very light
load would be the best candidates.
5.0 Energy Information System Options
Information was gathered to help determine if an EIS was feasible for OCCC and if so, to
determine recommendations on how it should function given the large scale and variety of
OCCC equipment, energy management systems, building automation systems, and lighting
control systems. Information based on staff interviews, facility tours, and document reviews
finds that an EIS can be used to improve energy management at OCCC. Recommendations for
an EIS were written in a report that is placed in Appendix D. Specifications of the EIS were
written in a separate report found in Appendix E. These reports fulfill obligations of the scope of
work Tasks 3.0-4.0. The recommendations document found in Appendix D was written for use
by OCCC staff whereas the specifications document in Appendix E is intended to be used by
professionals responding to a request for bid. It is recommended that these reports be read in
entirety since there is background information and detail that provides a fuller understanding of
what the EIS is and how it must perform. Sections 5.1-5.3.3 immediately following this
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paragraph provide a general narrative regarding the project scope of work tasks 3.1-3.3.3,
however, the information in these sections is also represented within the recommendations and
specifications reports.
5.1 Itemize all existing and proposed building management systems
Traditionally, building management systems were more concerned with managing the indoor
climate and keeping clients comfortable. However, increasing energy prices have added the new
task of energy monitoring and reporting to these systems. Building automation systems, because
of their role in controlling and monitoring a facility’s climate control systems, in most cases, are
ideally suited to understand and provide operators with inexpensive energy use information. The
issue of interoperability with other building systems and energy monitoring devices is the one
most often raised when people speak of creating a central energy information system. The
following sections will discuss the steps taken to evaluate the usefulness of the building
managements systems in use at the Orange County Convention Center (OCCC) to provide
energy use data and how data interoperability with other energy monitoring equipment might be
achieved.
5.1.1Review collected data and known interoperability of facility management systems
The first step in understanding how useful the building management systems at the Orange
County Convention Center can be in providing energy use information, was to identify them and
speak with experts that interact with these systems. During an initial walk-through with OCCC
administrators and staff on June 28, 2007, it was reported that the OCCC used one relatively new
Johnson Controls (JC) building automation system (BAS which is the same as a building
management system) to control the HVAC systems in the North/South building. Several
relatively mature BASs are also used in the West building. The mature BASs in the West
building are currently slated for replacement with a single modern BAS that is yet to be
determined. Since the old BASs in the West building were to be replaced and information about
the new system was unavailable, interoperability issues for this building could not be identified.
This left the JC system as the only avenue of possible BAS interoperability.
5.1.2 Contact vendors for a list of interoperability, data storage, and reporting options
The Johnson Controls BAS, interoperability was determined through conversations with
people familiar with using and interacting with similar JC BASs (such as David Norvell, UCF
Energy Manager), energy information system (EIS) product vendors (such as Stark), and JC
engineering staff. It was determined that extracting energy use information from a JC BAS can
be a complex task. JC offers a variety of energy information system products, which their BASs
are designed to work with. Further discussion about the interoperability of the BAS in the
North/South building is offered in the remaining paragraphs of this section.
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Building automation and management systems have been around for many years. The
accuracy and resolution of the sensors have greatly improved, as have the feedback and control
hardware. As a part of the evolution of these systems, the emergence of open-protocols for
equipment and data communication has become more pervasive. When evaluating the
interoperability options for the BAS employed in the N/S OCCC building, one must consider
how many of these advanced features are available as well as the usefulness of the data collected.
The Johnson Controls building automation system currently being employed in the N/S
building of the OCCC is a relatively new system that allows facility managers a great deal of
control and flexibility when it comes to controlling the building’s indoor environment. The
system’s existing environmental sensors could yield interesting and valuable data when analyzed
in relation to facility energy use. However, it does not provide any electricity energy data and
only energy data from two chilled water BTU meters. One of these is for the north side and the
other for the south side of the building. Extraction of JC data would not provide the most basic
energy-related information needed in a broad scope approach to energy management. A broad
approach is one that looks only at the energy use of large areas such as electricity use at each
MSB as shown in EIS Deployment Strategy section 2.4 of Appendix D. Data about HVAC
system control status or sensor readings (which make up a majority of the data made available by
the JC BAS) are most useful when trying to pinpoint where or why high usage is occurring. The
amount of data storage required to store the HVAC system control status and sensor readings
should be evaluated as it would be quite large to systematically collect and store representative
HVAC data from the JC BAS. There is an advantage to collecting this type of data since it
provides a historical record of what occurred and how the HVAC system was configured in the
past. This could be useful as there may be no remaining record of what happened in the past if
settings are changed prior to an inquiry.
If only limited information about specific areas is desired (such as space temperature, RH
and CO2), then additional devices could be installed and used to provide information to the EIS
in place of the BAS sensors. For example, room conditions could be monitored using portable
loggers easily installed and programmed by OCCC staff within 2 hours per site. The loggers
have an available interface that permits communication through an existing Ethernet network.
Temperature, RH, light intensity and CO2 can be monitored for less than $750 per site using
Onset Computer HOBO equipment as one example.
Assuming that one would like to collect many of the JC data points, the task of data
extraction from the Johnson Controls BAS is a bit complicated and limited. Current Johnson
Controls BASs that are a part of the Metasys product family have the ability to share data
through open data exchanges formats and protocols (such as XML and SOAP); However,
representatives from Johnson Control’s Lake Mary and Jacksonville offices confirm that the J.C.
system in use at the OCCC is not a version that currently supports such features (the Lake Mary
office representative is familiar with the J.C. BAS employed in the N/S building at the OCCC).
However, it may be possible to upgrade the system through the installation of a network
integration engine (NIE) and possibly upgrading the network controllers to obtain these data
access features. Currently, to extract data from the BAS, there are two approaches: one is to
configure the BAS to produce periodic reports that include specific data points, then create a
program to scan those reports and extract the information to include in a central energy
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information system database. The other method would require the use of a tool that would
interrogate the BAS and dump the data for a given period into an excel file (or formatted text)
which could be processed and stored in the EIS. The most limiting factor of this process is the
periodic nature with which data is extracted; usually, data is extracted daily or possibly every
couple of weeks so as not to overburden the BAS. As compared to near-real-time monitoring of
energy through the use of dedicated sensors separate from the BAS, the data from the BAS
would only be available several times a day; thereby limiting the usefulness of near
instantaneous evaluations.
It should be noted that the BAS employed in the N/S building uses the N2 protocol (a
protocol developed and used exclusively by Johnson Controls systems) to communicate with the
sensors and control hardware located throughout the building. This protocol is documented and
it is possible to grab data directly from devices communicating with this protocol. Software
designed to communicate with N2 enabled devices would provide another avenue for data
collection, but would be of limited usefulness as this protocol is being phased out for newer
open-protocols and is rarely supported by other product vendors.
The idea of utilizing BAS data is good as long as the data sought after is valuable to the users of
the EIS. However, as previously mentioned, the data that could be collected is of limited value
for energy management efforts of only broad scope. Additional sensors that are easily installed
and addressed could provide data more easily and possibly cheaper if only small areas are
monitored. One JC engineer mentioned a rough estimate to upgrade the JC BAS employed in
the N/S building would run in the “thousands”. While this is very broad, specific quotes on
numerous pieces of equipment would be required for a better estimate of costs and is outside the
scope of this project. The upgrade costs could be justified if the BAS selected to manage the west
building was compatible with the system in the N/S building. A new unified building
automation cluster could provide uniform data that is easily accessed and stored for use in
diagnosing energy use specifically by HVAC systems.
5.1.3 Review current communications infrastructure for data collection options
Fortunately, the OCCC has a number of well-developed communications infrastructures to
choose from when trying to implement an EIS; fiber optic, wireless, and copper connections for
example. During on-site facility inspections with OCCC administrators and staff (carried out on
June 28, 2007 and July 10, 2007) the various communications infrastructure options were
reviewed. Discussions with HVAC and Lighting technicians, IT managers, and representatives
from the Smart City wireless company yielded the most information. In addition to speaking
with the on-site staff, a physical inspection of several utility and public-facing rooms were
carried out in order to verify the presence of fiber optic or Ethernet connections and to take
casual measurements of WiFi (802.11b/g) signal strength.
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5.2 Determine desired measurements not already obtained from facility management
systems
There are a great number of data points that are being collected but not aggregated and analyzed
in relation to one another. They are like “islands” of information isolated from general access.
For example, outside environmental data is being collected as well as occupancy data and even
some energy use data from the BASs; but none of it is analyzed simultaneously in a technical
manner and can only be accessed through certain computers. In another context, energy use data
from service providers such as the Orlando Utilities Commission (OUC) is available, but not at a
usable resolution for in-depth energy analysis. As a result, some energy use channels must be
instrumented to obtain data of a higher quality and sampled at greater frequency for better time
resolution. Table 9 summarizes monitoring points of interest for the OCCC along with
comments about the extent of monitoring currently available.
Table 9. Monitoring point description and status
Monitoring Point
Comment(s)
Outside environmental
Occupancy information
Natural gas (both buildings)
Chilled water (both buildings)
HVAC (kWh, chilled water)
Energy data from Lutron
Floor transformers
Main switch board monitoring
Submeter vendors
West building lighting
Submeter kitchens
Spot temp., R.H., CO2, Illum.
Circulation fans

Already being collected.
Already being collected.
Higher resolution needed for EIS -- new instrumentation.
Higher resolution needed for EIS -- new instrumentation.
Data from BAS not collected – some new instrumentation.
Data not being collected.
Data not being collected.
New instrumentation.
New instrumentation.
New instrumentation.
New instrumentation.
New instrumentation.
New instrumentation.

5.3 Generate EIS monitoring options with cost/benefit information
Over the last several years, the energy monitoring and information market has greatly expanded.
New products and services for commercial and residential buildings are being created every day.
It wasn’t too long ago that a company had to create their own comprehensive energy monitoring
system. Now, there are several commercial products on the market, which provide a wide
variety of capabilities at reasonable prices. As a result, our cost/benefit analysis focused on the
differences and similarities between a commercial EIS and a custom-made one. The extended
discussion as well as two comparison matrices (Tables 3 and 4) can be found in the EIS
Recommendation report found in section 3.2 of Appendix D. There are a number of
configurations and monitoring points to consider regardless of whether a commercial or custommade EIS is used. A full-featured EIS that “drills down” to account for all individual equipment
use greater than 1 kW is extremely costly to implement. The requirements for a useful EIS at the
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OCCC are shown with relative classifications of three categories of cost, difficulty, and
usefulness of implementation found in Table 1 of Appendix D. This was provided to help
prioritize monitoring points. We also included a prioritized breakdown of the features and
monitoring points for an EIS and the phases in which those features and capabilities should be
made available in EIS Deployment Strategy section 2.4 of Appendix D. EIS monitoring option
information is discussed in greater detail in the EIS Recommendations in Appendix D and also in
the Functional Requirements section 3.0 of the EIS Specifications report found in Appendix E.
5.3.1 Consider management level interface to quickly spot opportunities for improvement
and report savings or increases in energy use
The interface used by OCCC employees to view energy use data must be designed in such a way
as to allow users to quickly and easily understand current and historical energy use. The ability
to provide “expected norms” based on occupation and environmental data is crucial. In addition,
the EIS’s primary interface (a web portal) should allow users to telescope to an appropriate level
of disaggregation; for example, users should be able to view energy use as a total for both
buildings, by building, by end use, or by zone. The EIS must have a bi-directional
communicative quality. The previously mentioned user interaction is directed from user to EIS,
but the EIS must also be able to direct an alarm message or generate scheduled summaries to
individuals. Users need to be able to configure alarm set points and have the EIS alert them
through email or text message as to the condition of the system. The user interface requirements
are discussed in Data Processing and Visualization section 2.4 of Appendix D and also in the
Operational Scenarios section 2.1 in Appendix E.
5.3.2 Consider interaction with current and future energy management and building
automation systems
As discussed in sections 5.1.1 and 5.1.2 above, interaction between a future energy management
system and other energy monitoring equipment was not entirely possible since the replacement
system in the West building has not been chosen and the specification was not available. While
the equipment in the West building is scheduled for replacement, the north south building, being
the newest phase, has equipment with potential interoperability with other energy management
hardware. During the initial investigations, it was determined that several techniques for
extracting energy use data from reports are possible. This should apply to any new, modern, BAS
including the current Johnson Controls system in the North/South building.
5.3.3

Research any additional sensor/monitoring options

As discussed in section 5.2 above, there are a number of currently monitored points at the OCCC
facility that yield useful, but incomplete data. The main issue with a number of the sensor points
is the infrequency with which the data is made available (monthly meter reads from utilizes for
example) and the inability to disaggregate end-use energy consumption from a number of the
monitoring points. As a result, additional overlapping sensor points as well as new sensor points
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need to be added. Section 2 of Appendix D contains additional information about sensor choice,
placement and collection rate.
5.3.4 Develop a chart listing the costs, problems, and benefits of at least two different
options
See sections 2.1 and 3.2 of EIS recommendation report in Appendix D.
5.3.5

Make a recommendation of the preferred EIS characteristics

See section 3 of EIS recommendation report in Appendix D.
6.0 Write Specifications for Desired EIS
This was completed in the report titled “Orange County Convention Center Energy Information
System Specifications” which is located in Appendix E. This section includes background
considerations as well as specific requirements that the EIS should have.
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7.0 Appendix A Billing Analysis Report
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1679 Clearlake Road
Cocoa, Florida 32922

Review of Chilled Water and Electric Energy Use
at the West and North/South Buildings of the Orange County Convention Center
Abstract
The Orange County Convention Center (OCCC) has the 2nd largest convention exhibition space
in the nation. Two primary buildings provide about seven million square feet of conditioned
space to approximately 1.5 million visitors each year. In efforts to reduce energy consumption,
OCCC began implementing several energy conservation measures beginning in 2005 and
continuing over the last 2 years with plans to continue additional efforts in the future. Examples
of the types of energy conservation involved changing lighting and HVAC schedules and control
methods, replacement of motors with higher efficiency, and turning off power to other unused
equipment. An analysis of monthly chilled water and electricity used by the West and
North/South Buildings has been completed in an effort to investigate reductions in energy use
resulting from conservation measures. This work is intended as a macro analysis summarizing
the impact of groups of measures rather than the impact of individual measures. The results may
also be used as a basis of comparison to future measures as well. Three different periods during
years 2005, 2006, and 2007 are investigated to evaluate the reductions in energy and energy
costs
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Review of Chilled Water and Electric Energy Use
At the West and North/South Buildings of the Orange County Convention Center
Executive Summary
The primary objective of this study was to evaluate and report on gross energy savings related to
previously completed energy management measures at the West and North/South buildings of
the Orange County Convention Center (OCCC). An energy billing analysis study began during
the summer of 2007 based on collected electricity and chilled water energy utility bills from
January 2005 through June 2007.
Three periods during 2005, 2006 and 2007 were identified that represent different stages of
energy management efforts. The most significant efforts were completed by the latter half of
2005 with additional efforts completed in 2006. Figures A and B show a substantial reduction in
monthly energy costs from 2005 to 2007. Since rates change from month to month and tend to
increase year after year, the costs are shown using the same rates derived from an average of
2007 rates. Much of the variability seen in these graphs for a given month from year to year is
explained by changes in weather. Because weather has significant impacts upon energy usage,
data was normalized using outside weather conditions in linear regression least- squares analysis
explained in further detail later in this report. Adjustments made for variability in occupancy did
not explain the remaining variability in best-fit linear regression analysis.

Figure A monthly cost for electricity kWh, kW and chilled water tonhours and tons (excludes taxes and fees).
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Figure B monthly cost for electricity kWh, kW and chilled water tonhours and tons (excludes taxes and fees).

Conclusions
This study finds substantial reductions in electricity and chilled water energy have occurred in
the West and North/South buildings of the OCCC. Based on normalized utility billing analysis,
the total West building energy cost reduction is calculated to be $1,223,837. This is a 15.2%
reduction in cost from normalized 2005 usage calculated at 2007 costs. Reduction in the North /
South building is calculated to be $989,715 per year and is a 24.4% reduction from normalized
2005 usage at 2007 costs.
Overall combined savings of chilled water and electricity for both buildings are estimated to be
$2,213,552 per year compared to the energy used during 2005. This is an 18.3% reduction in
electricity and chilled water expenses compared to 2005 usage normalized by weather.
Cost savings are broken down by electric consumption and demand and chilled water
consumption for each building year by year in Tables A and B. No savings are shown for chilled
water demand (not shown in tables) in both buildings or in coincident peak kW for North / South
building since contractual minimums are greater than actual demand.
Table A. West building total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

2005 to 2006
2006 to 2007
2005 to 2007

kWh
$ saved
$352,769
$204,420
$557,189

Peak kW
$ saved
$44,072
$15,144
$59,216

Off-peak kW
$ saved
$39,836
$14,774
$54,610

Ton-hrs
$ saved
$228,724
$324,098
$552,822

Total
$ saved
$665,401
$558,436
$1,223,837
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Table B. North/South total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

kWh
$ saved
2005 to 2006
2006 to 2007
2005 to 2007

$475,545
$90,216
$565,761

Peak kW
$ saved
$93,504
$5,859
$99,363

Coincident
peak kW
$ saved*
$0
$0
$0

Ton-hrs
$ saved
$222,635
$101,956
$324,591

Total
$ saved
$791,684
$198,031
$989,715

* Average monthly coincident peak kW has been reduced 25.6% from 2005 to 2007, however OUC bills a minimum
6000 kW.

Energy density is a metric that presents the energy use of a facility on a per square foot basis.
This is a convenient way to compare the energy use in buildings of different size and is useful
when the buildings being compared have similar functions. OCCC energy density was calculated
based on electricity kWh and kWh used for chilled water in the West and North/South buildings.
The chilled water energy consumed (ton-hours) was converted to kWh assuming a chiller plant
chilled water production and distribution of 0.80 kW per ton.
Combining electricity and chilled water consumption of 2007 results in an average monthly
energy density in the West building of about 1.3 kWh/ft2 and 0.8 kWh/ft2 in the North / South
building. The newer controls and technology of the North/South building are more effective in
controlling indoor conditions and conserving energy. This is one reason the energy density is
about 1.6 times greater in the West building. Variable frequency drive (VFD) controls that allow
air handling fans to be run at slower speeds can improve humidity control in buildings designed
with cooling capacities much larger than is needed much of the time. Humidity is under control
in the West building, but requires more air conditioning to do so without the VFD equipment
used in the North/South building. Current plans of OCCC staff to install VFD on air handler
fans should result in good humidity control and much more electricity savings in the West
building.
Emerging new low energy commercial buildings are reported to have an energy density ranging
from 0.349 to 0.697 kWh/ ft2 per month. This suggests there are more opportunities for
conservation and that appropriate future energy management plans at OCCC should successfully
result in additional savings.
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Purpose
The purpose of this report is to show trends in monthly chilled water and electric energy use at
the West and North/South buildings of the Orange County Convention Center (OCCC).
Analysis of monthly energy bills is a valuable method to track energy use patterns and to alert
building owners if energy consumption is trending up or down. The primary objective is to
observe substantive trends in energy consumption so that decisions can be made. There are,
however, a number of factors that can cause what might appear to be random affects on building
energy use and therefore the accuracy of this type of comparison. Perhaps the most important
energy use variable is weather. Obviously, hotter and more sunny weather will increase cooling
loads and cause increases in chilled water consumption. Variations in energy use are also
affected by type and level of occupancy, variations in HVAC equipment operation and
scheduling, lighting use, plug loads, or personnel conservation habits such as closing exterior
doors. In more complex buildings, energy use is also affected by HVAC sensor accuracy such as
temperature, relative humidity and carbon dioxide measurements responsible for controlling
outside dampers, chilled water use or heating.
Occupancy
Occupancy can be considered the number of people in a space and the activities and
requirements of those people. The Orange County Convention Center (OCCC) not only has very
high levels of maximum occupancy, but it also has high variability in occupancy from one day to
another and from one month to another. This is a key characteristic of the OCCC.
Data has been provided by OCCC management to FSEC in order to normalize building energy
consumption to occupancy levels. “Ordered attendance”, an estimate provided in part by OCCC
customers of their expected event attendance, is a value provided by an event coordinator to
OCCC for specific spaces within the buildings. The monthly ordered attendance is shown in
Figures 1 and 2 for each month of the year based on ordered attendance.
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Figure 1 Ordered attendance for West Building

Figure 2 Ordered attendance for North/South Building
Occupancy is quite variable from one month to another, but generally is highest beginning in
January, gradually decreasing until July or August with a slight increase to November. This
general trend can be seen in the three month running average. It can be seen that the smaller the
time unit compared, the greater the variability. This variability drops substantially when
comparing average occupancy over five months. The average differences from 2005 to 2006 and
from 2006 to 2007 for the period January through May are only 2% and 4%, respectively.
While the occupancy data provided by OCCC indicates significant variability in occupancy from
month to month, it appears that these variations in occupancy have little or no effect on total
building energy use, either electricity or chilled water. A more detailed analysis is presented later
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in this report. There appears to be a weak occupancy effect in the North/South building, but
essentially no discernable effect in the West building. This may seem surprising; however, there
are factors which may help to explain this lack of impact.
Perhaps most important is the HVAC systems are sized for very high levels of occupancy, and
these systems (especially in the West building) operate at nearly full capacity regardless of the
occupancy. Of special importance is that outdoor ventilation air, which requires a great deal of
chilled water energy, operates at near full air flow regardless of occupancy, especially in the
West building. In the North/South building, HVAC systems for meeting rooms are more
commonly turned off unless used by an event and more of the systems use CO2 sensors to
reduce ventilation as a function of occupant density.
Also important is the low occupancy penetration on a square footage and hourly basis for the
West building. Occupancy penetration may be better understood by first considering typical
office building occupancy which is about 5 persons per 1000 square feet for approximately 8
hours a day. Based on this, typical office occupancy penetration would be 1.67 persons/1000 ft2
per day. The average occupancy reported in the West building is 121,967 persons per month and
74,759 persons per month in the North/South building. Assuming an average of 8 hours per day
occupancy, this equates to 0.99 persons/1000 ft2 per day in the West (41% less than office
spaces) and 0.89 persons/1000 ft2 per day in the North building (47% less than office spaces).
Weather Data
In order to normalize the building energy consumption to weather, a reliable and local source for
weather data would be required for the period January 2005 through July 2007. It was
determined that data collected at the Orlando International Airport (OIA) would be suitable after
comparison of drybulb and dew point temperature data to other trusted data. Outdoor air drybulb
temperature, dew point temperature, windspeed, precipitation, and cloud cover were collected at
daily intervals, and then averaged into monthly intervals to match monthly energy data. Chilled
water was measured on the last day of the month. Electricity meter readings represented each
calendar month within 1-2 days. Therefore, monthly CW and electricity meter readings match
quite closely to the time intervals of the monthly weather data.
Monthly outdoor drybulb temperatures are shown in Figure 3 for 2005-June 2007. In general, the
seasonal patterns of outdoor drybulb and dew point temperatures are similar for the three
represented years, except that average drybulb and dew point temperatures for November and
December 2006 are much higher compared to 2005 and to long-term averages. Weather data
from stations in Conway, Lake Buena Vista and Cocoa, Florida also had readings of higher than
normal temperatures for these two months. Typical Meteorological Year (TMY) data (a weather
data base selected to be highly representative of long-term average weather patterns) is also
shown in Figure 3 (for Tampa, the closest TMY database to Orlando) confirming that November
and December 2006 temperatures are much higher than typical.
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Figure 3 Monthly average outdoor temperatures

Figure 4 Monthly average outdoor dewpoint and cloud cover
Figure 4 shows outdoor averages of dew point temperature and cloud cover. Cloud cover is rated
on a scale of 0 to 10 with 0 being a cloudless sky and 10 being dark clouds filling 100% of the
sky. This measure is subjective in nature, but provides a relative comparison related to solar
radiation onto building surfaces.
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West Building
Electric Energy
Electricity utility meters in the West building record electricity use in the entire building
including chiller plants owned and operated by OUC. For purposes of this analysis, the energy
consumed by the OUC owned chiller plants must be subtracted from the total building reading.
These chiller plants (central and north chiller plants) are sub-metered allowing us to examine
only the power consumed for use at the West building alone.
The area known as Phase 2A is served by a 600 ton chiller plant owned and operated by OCCC.
The electricity consumed by this chiller plant is included in the West building electricity
analysis. There is no measurement, to our knowledge, of the chilled water production from this
chiller plant. The effect of Phase 2A chiller power upon the total building electricity use is
relatively small given the area served is only 2.4% of the total building floor area and 2.2% of
the total building cooling capacity.
Occupancy effects on electricity usage
Monthly building energy data was assembled into spreadsheets from bills provided by OCCC.
This data was matched with corresponding monthly weather and occupancy data. Attempts were
made to identify the impact, if any, of building occupancy upon electricity consumption. To
begin, building electricity usage was plotted against outdoor temperature. A best-fit line was
developed based on least-squares regression analysis. Then individual monthly electricity
consumption was plotted. In some cases, electricity consumption was higher than the best-fit
line. In other cases, electricity consumption was lower than the best-fit line. It would seem
reasonable to expect that monthly values that were higher than the best-fit line would, in general,
have higher occupancy, and those that were lower than the best-fit line would, in general, have
lower occupancy. In order to test this, a multiplier was developed, delta-kWh divided by deltaoccupancy that was then used to adjust the monthly kWh consumption values.
In Figure 5, which shows actual and adjusted data for 2005 and 2007, one can observe that in
about 1/3rd of the cases the adjusted value moved closer to the best-fit line, in another 1/3rd of the
cases the adjusted valued moved away from the best-fit line, and in the remaining 1/3rd of the
cases, there was essentially no change. The coefficient of determination (r2) for the 2005 data
improved slightly from 0.237 to 0.270. The coefficient of determination (r2) for the 2007 data
improved significantly from 0.034 to 0.156.
A similar analysis was performed to compare 2005 and 2006 data. This analysis showed no
significant change in the r2 values for 2005 and 2006 (2006 not shown). We can conclude,
therefore, that occupancy has relatively little affect on building electricity usage, and that there
are additional but unidentified variables (besides weather) which are creating variability in
building electricity use.
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Based on this analysis, and upon a similar analysis for the North/South building, we conclude
that the occupancy adjustment yields essentially negligible change in the electricity consumption,
either in the slope of the best-fit lines or the relative position of the best-fit lines comparing one
year to another year. Therefore, we report that the remaining analysis of building electricity use
will be performed without consideration of occupancy estimates.
The data sets used for analysis are small, thus they are more easily skewed by just one or two
extreme values. This is the typical nature of using monthly billing data. A large data set of at
least 25 energy measurements over a wide range of temperatures would provide a more robust
analysis from which conclusions about occupancy impacts could be drawn.

Figure 5 example of results from adjusting kWh based on difference between
monthly occupancy compared to annual monthly average
Weather normalization of electricity usage
Figure 6 presents the results of occupancy adjusted electricity usage versus outdoor temperature
for the West building for the entire period January 2005 through June 2007. A general trend is
seen for each year with decreasing electricity usage as the average monthly temperature
increases. From cold months with average temperature of 60oF to the warmest months with
average temperature of 84oF, electricity consumption drops by about 20%.
Another trend that can be seen is that each subsequent year experiences significant weathernormalized reductions in electricity usage compared to the previous year. Energy conservation
activities reported to have begun in July 2005 and which continued through the remainder of that
year may account for this difference. A partial list of energy conservation measures are listed in
Table 1 as examples of the types of effort. Table 1 also shows completion date, the building or
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buildings where the measures were implemented, a description of the conservation project, and
the energy type expected to be impacted.
Table 1. OCCC reported energy conservation projects with indication of the anticipated primary and
secondary energy type that would be affected.

Completion Date

Building

July 2005
September 2005

West
West

November 2005
December 2005
December 2005
June 2006
September 2005

West
West
West
West
North/South

September 2005
October 2005
November 2005
December 2005
January 2006
April 2006
April 2006
June 2006

North/South
North/South
North/South
North/South
North/South
North/South
North/South
North/South

Conservation Description
Reduce a/c in west entrance
Shut down floor box transformers when
not used
Cycle fan coil units
Adjust a/c VAV controls
Large Group code for lighting
South Fountain Upgrade
Shut down floor box transformers when
not used
Adjust a/c VAV controls
Cycle fan coil units
Reconfigure MR a/c exhaust dampers
Daylight harvest code for lighting
Reduce meeting room minimum lighting
schedule use of a/c in occupied mtg. rms.
Reduce oversight bridge lighting
Shut down AHU fans

Energy Category
Electricity/CW
Electricity/CW
CW/electricity
Electricity/CW
Electric/CW
Electricity
Electricity/CW
Electricity/CW
CW/electricity
Electricity
Electricity/CW
Electricity
CW/electricity
Electricity
Electricity/CW

Figure 6 presents the West building electricity consumption for all 30 months of data. The bestfit lines indicate a significant reduction in electricity usage from 2005 to the subsequent years.
Limiting the data sets to the first six months of each year is expected to provide a better basis of
comparison between years. This is due to the fact that a majority of the energy conservation
measures (ECM) were completed in the later part of years 2005 and 2006. This is expected to
cause a reduction in energy for the months after ECM were completed. This in turn will affect
the best-fit line. Figure 7 shows the analysis limited to the first six months of each year.
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Figure 6 Best-fit lines based on 12 month data for 2005 and 2006

Figure 7 Best-fit lines based on 6 months from January through June
The best-fit line for the first six months of 2005 has the steepest slope which may be attributed to
savings that were produced by the ECMs implemented during that year. The reason why the
best-fit line for 2006 is remarkably flat over a wide range in temperature is unknown. The bestfit, least square equations and coefficients of determination are shown in Table 2. The equation
can be used to predict an expected monthly kWh (Y) for the West building based on an input
monthly temperature (X) and assuming an average occupancy. The twelve month based results
are shown for comparison, but the six month results are used in the following discussion for
determining changes in electricity consumption between years.
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Table 2. Linear regression analysis results for 12 month and 6 month groups

Year
2005
2006
2007

Best-Fit linear Equation
Based on12 months
(2005&2006)
Y=-50,853.2 * X+8,272,640
r2=0.237
Y=-31,641.8*X+6,603,546
r2=0.158
12 months not available

Average Monthly
Occupancy
(Ordered Attendance)

Best-Fit linear Equation
Based on 6 months
Y=-82,260.4 * X+10,900,993
r2=0.784
Y=-1,349.9 * X+4,758,474
r2=0.0005
Y=-15,372.6 * X+5,529,622
r2=0.035

57957
61343
73435

Electricity consumption in the West Building has dropped somewhat steadily and significantly
from one year to the next, during this 30 month analysis period. In order to calculate the
reduction, and adjusting for variations in weather, the electricity use was calculated for each year
based on the 6-month best-fit equation at an outdoor temperature of 71.1ºF, which is the typical
yearly average outdoor temperature. The results of these calculations are shown in Table 3.
Overall it is estimated that the ECMs have produced an approximate 12% reduction in total West
building electricity consumption with estimated annual savings of $557,189 based on a weighted
average cost of $0.07542/kWh (savings from demand reductions are considered at a later point in
this report). This electricity rate of $0.07542/kWh is based on 27% of the energy consumption
being billed at the peak rate and 73% at the off-peak rate.
Table 3. Estimated savings in electricity based on 6 month best‐fit linear equations using annual outdoor
temperature of 71.1 degrees F

Reduction
kWh/Month
2005 to 2006
2006 to 2007
2005 to 2007

389,783
225,869
615,652

% reduction
7.7%
4.8%
12.2%

Monthly
reduction ($)
$29,397
$17,035
$46,432

Annual
reduction
(kWh/yr.)
4,677,392
2,710,429
7,387,821

Annual
reduction
($/yr.)
$352,769
$204,420
$557,189

Electricity energy billing rate structure for West building
Electricity consumption is billed at different rates depending upon time of day. Figures 8, 9, and
10 show a breakdown of peak kWh, off-peak kWh, and total kWhs billed per month for 2005,
2006, and 2007 respectively. Figure 11 shows the on-peak kWh as a percentage of the total for
each month of each year. There is very little difference between the same months of different
years with exception of July and October of 2005 where the peak energy was a much higher
percentage of the total. We have no information that would explain why this has occurred. Errors
in meter reading or reporting are possible reasons.
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Figure 8 2005 breakdown of monthly kWh use into peak, off-peak and
total kWh

Figure 9 2006 breakdown of monthly kWh use into peak, off-peak and
total kWh
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Figure 10 2007 breakdown of monthly kWh use into peak, off-peak
and total kWh

Figure 11 monthly on-peak kWh consumption as a percentage of total
building kWh
The range of on-peak kWh varies from 20% to 30% most of the time. Table 4 shows that onpeak electricity consumption remains stable at about 26.6% of total for each year. For Progress
Energy, the summer peak billing period from April through October is noon to 9 pm and the
winter peak billing period from November through March is 6 am to 10 am as well as 6 pm to 10
pm. The fact that 73% of the electricity consumption occurs during off-peak periods saves
OCCC a considerable amount since that rate is about 51% lower than the on-peak period.
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Table4. January – June average breakdown of peak and off‐peak energy use

On-Peak
kWh

Total kWh

Off-Peak
kWh

On-Peak
%

Off-Peak
%

5,087,926

1,348,185

3,739,741

26.7%

73.3%

4,663,982

1,226,890

3,437,092

26.5%

73.5%

4,418,949

1,166,099

3,252,850

26.5%

73.5%

Ordered exhibit electricity
Since the West building has the capacity to host a large number of exhibits, the impact of
exhibitor power end use was evaluated. Exhibitor energy use is not monitored or charged by the
actual amount of energy used, but rather is based on the power ordered. This order does not
guarantee any level of actual energy to be used.
In order to perform this analysis, ordered power data was summarized for each month. Energy
use was then estimated based on an estimate provided by OCCC staff that actual energy
consumption might be 50% of the ordered capacity used for 10 hrs per day for an average threeday event. Figure 12 summarizes ordered electricity use for 30 months and shows that ordered
power represents a very small percentage of the whole building kWh usage, varying from 0.4%
to 2.8% and averaging 1.3%.

Figure 12 Average ordered power in the West building
summarized from 30 months of data.
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Electricity Demand
Peak electrical demand is summarized in Figures 13 and 14. The majority of West building peak
demand (kW) occurs during the on-peak period, as can be seen in these Figures. Note that this
data has been corrected to remove the power consumed by OUC’s chiller plants.
Two anomalies in the peak demand data should be mentioned. Subtracting the peak demand of
the OUC chiller plants from the whole West building peak demand resulted in negative values
for the months of September and November 2006. The value for December 2006 was also
suspiciously low. These unreasonable values may be due to error in meter data. As a result of
these suspicious results, off peak power for the period of September through December 2006 has
been excluded from this analysis.

Figure 13 Power usage in West building for years 2005-2007
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Figure 14 Power usage in West building for years 2005-2007
Similar to energy analysis, six month comparisons are reasonable since only January through
June are available for 2007. Both Figures 13 and 14 have lines representing the average monthly
power usage for each year using 5 months of data from January through June, but excluding
February.
The month of February resulted in the lowest peak power for 2006 and highest for 2007. Using
February in the averages, results in an indicated increase in peak power from 2006 to 2007.
Table 5 summarizes the six month average of peak power usage for years 2005-2007.
Table 5. Six-month average of On-Peak Peak power

Year

Peak kW

2005
16,628
2006
14,249
2007
15,365
Total Reduction

Peak kW
decrease
--2,379
-1,115
1,263

% peak
$ / month
decrease
reduction
----14.3%
$6,113
-7.8%
-$2,867
7.6%
$3,247

$ / year
reduction
--$73,358
-$34,399
$38,959

Ordered occupancy data provided by OCCC was reviewed and the maximum occupancy was
obtained to see if this could explain larger variations such as February 2006 and 2007 in
Figure13. Attempts were made to seek out relationships between occupancy and power, but
adjustments made based on occupancy provided no additional clarity regarding the February data
anomalies. This is not entirely unexpected given that it is suspected that actual occupancy does
not necessarily correlate well with ordered occupancy. Table 6 shows that peak demand during
on-peak periods has decreased from one year to the next when examining only the first six
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months of each year, and also excluding February of each year. Table 7 shows that peak demand
during off-peak periods has decreased from one year to the next when examining only the first
six months of each year, and also excluding February of each year.
Table 6. Peak demand for on-peak billing periods, for the five months of January, March, April, May,
and June of each year

Year

Peak kW

2005
16,719
2006
15,290
2007
14,799
Total Reduction

Peak kW
decrease
--1,429
491
1,920

% peak
$ / month
decrease
reduction
----8.6%
$3,673
3.2%
$1,262
11.5%
$4,935

$ / year
reduction
--$44,072
$15,144
$59,216

Table 7. Peak demand for off-peak billing periods, for the five months of January, March, April, May,
and June of each year

Off-peak Off-peak kW
kW
decrease
2005
9,655
--2006
5,750
3,905
2007
4,301
1,448
Total Reduction
5,354
Year

% off-peak
$ / month
decrease
reduction
----40.4%
$3,320
25.2%
$1,231
55.5%
$4,551

$ / year
reduction
--$39,836
$14,774
$54,610

Peak demand power reductions are much greater during the off-peak compared to the on-peak
billing periods. However, the cost savings are greater from the on-peak reductions because the
on-peak demand charges are three times greater per kW.
The combined electricity demand savings (kW) plus electricity consumption savings (kWh)
resulting from ECMs implemented in the West building during 2005 and 2006 are substantial.
Total annual electricity savings (from 2005 to 2007) are estimated to be $671,015; $557,189
from reduction in kWh, $59,216 from reduction in on-peak demand, and $54,610 from reduction
in off-peak demand.
West Building Chilled Water Energy
Chilled water is used to remove heat from the building, and therefore CW usage is expected to
increase during hot and sunny weather. One would also expect CW usage to increase during
periods of high occupancy. Figure 15 plots monthly chilled water versus the monthly outdoor
average temperature. The coefficients of determination (r2) for the best-fit lines are relatively
high, indicating that variations in outdoor temperature account for approximately 75% of the
difference in consumption from one month to another. For the same compatibility reasons
mentioned in the electric energy section of this report, only January through July of each year
was used in the analysis. As can be seen, chilled water consumption has decreased significantly
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each year since 2005 when normalized to weather conditions. Attempts to normalize the CW
consumption data to occupancy resulted, on average, in more scatter of the data thereby
decreasing r2. Therefore, no adjustments for occupancy have been made to the data.
We suspect that CW consumption is not particularly sensitive to occupancy in the West building
for two reasons. 1) HVAC systems are run much of the time (excluding exhibit hall equipment)
regardless of occupancy and 2) building ventilation rates are not controlled (as in portions of the
N/S building) by CO2 controllers.

Figure 15 West building chilled water ton-hrs vs temperature using JanuaryJuly of each year
Reductions in chilled water consumption in the West building are shown in Table 8. Based on
our analysis, the ECMs implemented during 2005 and 2006 have accounted for an approximate
30% reduction in chilled water energy use yielding cost savings of $552,822 per year (based on
the 2007 average cost of $0.09572/ton-hr).
Table 8 Estimated savings in chilled water ton-hours based on 6 month best-fit linear equations using
annual outdoor temperature of 71.1 degrees F.

Reduction
ton-hrs/Month
2005 to 2006
2006 to 2007
2005 to 2007

199,126
282,158
481,284

% reduction
12.6%
20.3%
30.3%

Monthly
reduction ($)
$19,060
$27,008
$46,069

Annual
reduction
(ton-hrs/yr.)
2,389,513
3,385,897
5,775,410

Annual
reduction
($/yr.)
$228,724
$324,098
$552,822
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The contract with OUC also includes an adjustment factor for CW consumption based on deltatemperature. Delta-temperature is the difference in CW temperature (delta-T) between the supply
entering the building and return leaving the building. This delta-T adjustment calculation has not
been implemented for the West building. It will, however, go into effect in the future.
This temperature difference is a weighted average over the billing month. Once implemented, it
will result in an increase in the CW consumption rate for months with delta-T less than a 15º (F)
temperature differential and will result in a decrease in the CW consumption rate for months
with delta-T greater than a 15º (F) temperature differential. Figure 16 shows the % change in tonhour cost as a function of delta-T. For example, an 11º (F) delta-T will result in a 13.6% increase
in the billed rate, while a 19ºF delta-T will result in a 7.9% decrease in the billed consumption
rate. Figure 17 shows that steps have been taken by OCCC staff and management to increase
delta-T. Over the past three years (looking only at the first six months of each year), delta-T has
increased from 8.14ºF to 9.09ºF from 2005 to 2006 (an 11.57 increase) and from 9.09ºF to
12.46ºF from 2006 to 2007 (a 37.1% increase).
If the delta-T adjustment was being used for the West building, the consumption charges (cost
per ton-hour) would be 7.6% higher based on the 2007 average of 12.46ºF delta-T. Also taking
into account the demand charges, which are not adjusted for delta-T, the entire cost of chilled
water at the West building would be 4.0% higher than current bills.

Figure 16 Percent change in cost of chilled water ton-hours for specific dT
In addition to charges for CW consumption (currently about $0.095 per ton-hour), OUC also
charges for peak demand (also referred to as peak capacity). One important feature of the current
contract with OUC is that a specific CW capacity is guaranteed by OUC and must be paid for by
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OCCC whether that peak demand actually occurs during any given month. In most months,
actual peak CW demand has been substantially less than the contracted 8,750 tons (this peak
capacity has shown up in more recent bills as 8,250 tons as of February 2007). Peak CW demand
is determined based on the highest average 15 minute demand during the month. The contract
with OUC calls for $9 per ton with adjustments for the Consumer Price Index (CPI). During the
first six months of 2007, the average demand (capacity) charge has been $10.04 per ton.
Peak demand is shown in Figure 18. During the period from 2005 through July 2007, peak
demand has exceeded the billed demand on two occasions, in January and July of 2005. During
the first seven months of 2007, for example, the highest peak that has occurred was in July 2007
that was only 87% of the 8,250 ton billing capacity.

Figure 17 building chilled water temperature differentials

Figure 18 shows chilled water peak demand for each month of years 2005-2007
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North/South Building
Electric Energy
Electricity is provided to the North/South (N/S) building by the Orlando Utilities Commission.
The chilled water is also provided to the N/S building by OUC from a loop that serves OCCC
and other customers.
Monthly building energy data was assembled into spreadsheets with corresponding monthly
weather and occupancy data as was also done for the West building. Comparisons are made
using the first six months of each year for the reasons previously discussed for the West building,
to improve data comparability.
Weather normalization of electricity usage
Total building electricity usage is clearly a function of outdoor temperature (see Figure 19). As
seen in the West building, electricity consumption decreases with increases in the outdoor
temperature. Coefficients of determination (r2) are consistently high, in the range of 0.70 to 0.73
for each year, indicating that approximately 71% of the variability in month to month electricity
consumption can be attributed to outdoor temperature (Table 9).

Figure 19 Best-fit lines based on 6 months from January through June
Figure 19 shows total building electricity consumption for the first six months of 2005, 2006,
and 2007. Best-fit, least squares lines have been created for each year. The best-fit line for 2005
has a slope that is substantially steeper than for 2006 and 2007. This may be the result of ECMs
implemented during 2005. One measure, in particular, might account for much of the reduction
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that is exhibited in the later years, namely the heating setpoint bias. FSEC staff were informed
that Brian Kennedy increased the temperature differential between the cooling setpoint and the
heating setpoint (also called the bias) for the AHUs that serve the atrium. Prior to this change,
when the relative humidity control algorithm would go into effect, the chilled water coil would
open, producing colder supply air, and this in turn would lower the space temperature. With the
heating setpoint being only slightly below the cooling setpoint, space heating would almost
immediately come on to prevent overcooling of the space. With the increased bias (to 5ºF), the
space temperature could fall to five degrees F below the cooling setpoint before heating would
be activated.
Best-fit linear equations and coefficient of determination characterizing electricity consumption
as a function of outdoor temperature are shown in Table 9. These equations can be used to
predict an expected monthly kWh consumption (Y) based on monthly temperature (X) and
assuming an average occupancy.
Table 9. Best-fit line equations characterizing electricity consumption as a function of outdoor
temperature, for the first six months of each year, and including ordered attendance

Year
2005
2006
2007

Best-Fit linear Equation
Based on 6 months
Y=-87,852.7 * X+8,760,872
R2=0.696
Y=-29,153.4 * X+3,889,048
R2=.711
Y=-49,040.7 * X+5,170,560
R2=0.727

Average Monthly Occupancy
(Ordered Attendance)
54,025
47,225
44,000

The six month best-fit linear equations were used with the annual average outdoor temperature of
71.1º F to estimate the expected monthly average energy use under conditions represented for
each year 2005-2007. This simple analysis results in monthly values that represent an annual
average of all months. Looking at the slope of the 2005 data line in Figure19 it can be observed
that 2005 energy used during months that are cooler than 71.1º F would be greater than the
single-point estimated average. Energy used during months warmer than 71.1º F would be less
than the estimate. So while a simple single point of comparison is used, it estimates the annual
monthly average because the temperature used is the annual monthly average. This is expected to
be balanced enough for an annual estimate given the already limited number of data points used
to generate the best-fit data.
Based on the best-fit, least-squares regression equations, typical annual (weather-normalized)
electricity consumption can be calculated (Table 10). From 2005 to 2007, calculated annual
electricity consumption was reduced by 33% or $565,761, as a result of ECMs, based on a
weighted average cost of $0.05675/kWh. Electric energy consumption is charged at one rate,
unlike the West building which is charged at peak and off-peak rates.
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Table 10. Estimated savings in electricity based on 6 month best-fit linear equations using annual outdoor
temperature of 71.1 degrees F.

Reduction
kWh/Month
2005 to 2006
2006 to 2007
2005 to 2007

698,304
132,475
830,779

% reduction
27.8%
7.3%
33.0%

Monthly
reduction ($)
$39,629
$7,518
$47,147

Annual
reduction
(kWh/yr.)
8,379,648
1,589,704
9,969,352

Annual
reduction
($/yr.)
$475,545
$90,216
$565,761

Ordered exhibit electricity
Ordered exhibit electricity has been examined for the N/S building. As with the West building,
exhibitor energy use is not monitored or charged by the actual amount of energy used, but by the
ordered power. This data for 2006 is shown in Figure 20. Estimated actual energy consumption
is calculated based on estimates by OCCC staff of average 50% of ordered capacity used 10 hrs
per day for an average 3 day event. The analysis shows that ordered electricity use for 2006 is a
very small percentage of the whole building electricity use, varying from 0.2% to 12.9% for
individual months, and averaging 2.9% of building total. Excluding February, the average is
2.0%.

Figure 20 Ordered exhibitor electricity for 2006
Electricity Demand
Power usage for the North/South building is billed at two rates by OUC. The highest rate is
called the peak charge at $4.37/kW and the second rate is the coincident peak charge at
$1.81/kW. The peak rate is based on the highest reading of all meters combined, while the
coincident peak is based on the highest 15 minute average peak of all meters. Since usage
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classifies this building as part of OUC General Service Large Demand, coincident peak charges
are for a minimum of 6,000 kW. Figure 21 shows peak power used in the North/South building.
Figure 22 shows results for coincident peak power usage.

Figure 21 Power usage in North/South building for years 2005-2007

Figure 22 Power usage in North/South building for years 2005-2007
Similar to energy analysis, six-month comparisons are reasonable since only January through
June are available for 2007. Figures 21 and 22 show monthly peak power and have lines
representing the average monthly power demand for each year using 6 months of data from
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January-June. No adjustments have been made for variations in weather or for occupancy for
same reasons noted previously in West building discussion of power.
Examination of the data reveals that peak electrical demand, for both on-peak (coincident) and
off-peak demand, has generally declined from one year to the next (see Tables 11 and 12). The
decline is less substantial than was observed in the West building. On-peak demand reduction
from 2005 to 2007 was 24.3%. Off-peak demand reduction from 2005 to 2007 was 25.6%.
Together these demand reductions, which are most likely the result of ECMs implemented in the
N/S building, are yielding $132,542 per year savings.
Table 11. Six- month average occupancy adjusted peak power and estimated savings each year after 2005
with reduction occurring between year noted and one year prior

Year

Peak kW

Peak kW
decrease

% peak
decrease

$ / month
reduction

$ / year
reduction*

2005

7,795

---

---

---

---

2006

6,012

1,783

22.9%

$7,792

$93,504

2007

5,900

112

1.9%

$488

$5,859

Total Reduction

1,895

24.3%

$8,280

$99,363

* $4.37 / peak kW and $1.81/ coincidental peak kW

Table 12. Six- month average coincident peak power and estimated savings each year after 2005 with
reduction occurring between year noted and one year prior

Year

Coincident
peak kW

Coincident kW
decrease

Coincident
% decrease

$ / month
reduction

$ / year
reduction*

2005

5,975

---

---

---

---

2006

5,406

569

9.5%

$0

$0

2007

4,447

959

17.7%

$0

$0

Total Reduction

1,528

25.6%

$0

$0

* $4.37 / peak kW and $1.81/ coincidental peak kW

Indicated peak power reductions are about 19% greater than coincident peak. While coincident
kW was reduced, no financial savings are shown since the reductions occurred below the 6000
kW minimum billing amount.
Cost savings inform reductions in electricity consumption and electricity peak demand, resulting
from ECMs implemented during 2005 and 2006, are yielding total annual electric energy savings
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of $665,124; $565,761 from kWh reduction, $99,363 from total peak demand reduction, and $0
coincident peak reduction.
North/South Building Chilled Water Energy
Chilled water energy use in the North/South building has decreased each year since 2005 when
normalized to weather conditions. Figure 23 shows total building chilled water used per month
versus the monthly outdoor average temperature for January through July for 2005, 2006, and
2007. Attempts to adjust energy use based on occupancy did not result in a meaningful
improvement in the best-fit linear regressions and therefore Figure 23 presents the energy
without any occupancy adjustment.

Figure 23 North/South building chilled water usage versus outdoor temperature
for January-July of each year
Chilled water consumption is summarized in Table 13. Based on our analysis, ECM account for
a 31.8% reduction in chilled water use and consumption savings of $324,591 per year using the
2007 average cost of $0.0987/ton-hr.
Table 13. Estimated savings in chilled water ton-hours based on 6 month best-fit linear equations using
annual outdoor temperature of 71.1 degrees F.

Reduction
ton-hrs/Month
2005 to 2006
2006 to 2007
2005 to 2007

187,973
86,082
274,055

% reduction
21.8%
12.4%
31.8%

Monthly
reduction ($)
$18,553
$8,496
$27,049

Annual
reduction
(ton-hrs/yr.)
2,255,678
1,032,987
3,288,665

Annual
reduction
($/yr.)
$224,635
$101,956
$324,591
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Peak chilled water demand falls substantially short of the contracted 7,500 tons most months.
Peak chilled water capacity used in the West building is shown in Figure 24. During the period
from 2005 through July 2007, peak demand has exceeded billed capacity three times; April and
November of 2005 and October 2006. Looking at chilled water demand during seven months in
2007, the highest peak occurred in June which was only about 78% of the 7,500 ton-hour billing
capacity.

Figure 24 shows chilled water peak demand for each month of years 2005-2007

Figure 25 Monthly average return minus supply chilled water temperature
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Unlike the West building, the chilled water temperature difference (dT) between the supply into
the building and return out of the building is a factor in billing calculations. The same billing
analysis applies to the N/S building as applies to the West Building. Figure 25 shows the delta-T
for each month. Unlike the West building, delta-T is not increasing. Six-months average delta-T
decreased by 13.1% from 16.08ºF to 13.97ºF from 2005 to 2006, and six-months average deltaT decreased by 1.5% from 13.97ºF to 13.77ºF from 2006 to 2007. The decline in delta-T from
16.08ºF to 13.77ºF is causing an approximate $5,700 monthly increase in the 2007 chilled water
bills.
Current plans to run water-source heat pumps off of the return water (drawing from and return to
the CW return piping) will help increase delta-T.

Summary
Substantial savings have been achieved from 2005 through 2007 at the OCCC, in both the West
and North/South buildings. Tables 14 and 15 summarize calculated utility cost savings from
reductions in electricity usage (kWh), electricity demand (kW), and chilled water usage (tonhours) for the West and North/South buildings. Changes in chilled water peak demand are not
presented because the contractual minimum billable amount is almost always higher than actual
peak demand for both buildings. Actual coincident peak kW at the North/South building has
decreased by 25.6% from 2005 to 2007, however coincident peak kW shown in Table 15 does
not show any savings since the actual amount is lower than the contractual minimum charge of
6000 kW. Total cost savings, which we believe can be attributed to energy conservation
measures implemented in 2005 and 2006, are estimated to yield total annual savings of
$2,213,552. Savings represent an 18.3% reduction in energy costs in both buildings
($12,119,966) when compared to weather normalized 2005 utility bills at 2007 rates.
Table 14. West building total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

2005 to 2006
2006 to 2007
2005 to 2007

kWh
$ saved
$352,769
$204,420
$557,189

Peak kW
$ saved
$44,072
$15,144
$59,216

Off-peak kW
$ saved
$39,836
$14,774
$54,610

Ton-hrs
$ saved
$228,724
$324,098
$552,822

Total
$ saved
$665,401
$558,436
$1,223,837

Table 15. North/South total estimated annual $ savings due to reductions in kWh, kW and ton-hrs

kWh
$ saved
2005 to 2006
2006 to 2007
2005 to 2007

$475,545
$90,216
$565,761

Peak kW
$ saved
$93,504
$5,859
$99,363

Coincident
peak kW
$ saved
$0
$0
$0

Ton-hrs
$ saved
$222,635
$101,956
$324,591

Total
$ saved
$791,684
$198,031
$989,715
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The reader should keep in mind that the indicated savings are based on “typical” meteorological
conditions, which means that they are normalized to weather. One of the limitations of the
current analysis (presented in this report) is that the data is limited to monthly time steps. This
large time step means that there were only 30 data points for the analysis, one for each month. It
was, we believe, this paucity of data points which prevented greater resolution in identifying
causes of energy use variations, such as for occupancy. Future analysis should consider using
daily data to determine if correlations between energy consumption and demand on one hand and
occupancy metrics on the other can be developed. The weakness in the coefficient of
determination (r2) results, we believe, primarily from the small number of data points.
Inconsistencies in conservation activities over time will also have a greater impact on variability
of a small data set. A hypothetical example of inconsistent conservation would be activities that
rely on people to remember to turn things off. Whenever energy consuming systems rely on
manual control, the potential for energy consumption variability increases.
Future analysis based on daily energy consumption would yield more useful results. Plotted of
daily kWh or ton-hour consumption versus average outside temperature would likely yield r2
values > 0.85 for data sets made up of about 25 days covering a range of average outdoor
temperatures from about 70º F to 83º F. This type of analysis will be possible with an Energy
Information System that can collect and store this type of information.
Breakdown of Energy Costs
Actual monthly billing data for the first six months of 2007 were examined to break down the
total cost by fuel type and demand versus consumption, excluding taxes, service charges and
other fees.
In the West building, the greatest proportion of energy costs come from electricity
consumption (58%) and electricity demand (8%) charges. Chilled water consumption and
chilled water demand charges represent 19% and 15% of the total energy costs,
respectively.
In the North/South building, the greatest proportion of energy costs come from chilled
water consumption (23%) and chilled water demand (28%) charges. Electricity
consumption and electricity demand charges represent 36% and 13% of the total energy
costs, respectively.
Overall, approximately 60% of total (electricity and chilled water) utility bills is for
electricity and 40% is for chilled water.
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Figure 26 West building energy cost
breakdown

Figure 27 North/South building energy cost
breakdown

Energy Density
One way to compare energy used in different buildings is to normalize by building size (floor
area). Tables 16 and 17 present size-normalized energy consumption in the West and
North/South buildings, respectively. In order to make this analysis, we have converted chilled
water energy (ton-hours) into equivalent electricity consumption (kWhs). We have made the
assumption that the chiller plants producing the chilled water, including the pumping power
associated with the primary CW loop and energy (conduction and leakage) losses associated with
the CW loop, operate at an efficiency of 0.80 kW per ton. Under this assumption, 15,000 Btus of
chilled water are produced by each kWh of electricity input.
Combining electricity and chilled water consumption of 2007 results in an average monthly
energy density in the West building of approximately 1.3 kWh/ft2 and approximately 0.8 kWh/ft2
in the North/South building. These results can be compared to an average 2,000 ft2 home
(minimum efficiency, and without a pool or irrigation pump) which uses about 1,600 to 1,800
kWh/month. The energy density of the average residence is then between 0.8 to 0.9 kWh/ ft2 per
month. An energy-efficient home would have a density closer to 0.5 kWh/ ft2 per month. The use
and demands of the convention center are very different, of course, from residential spaces, but
the comparison helps put the energy use into perspective of familiar spaces to which everyone
can relate. Nevertheless, we can conclude that the energy density of the West building is
relatively high, and therefore this building represents the greater opportunity for energy savings.
Table 16. West building energy footprint based on annual energy / 4.1million square feet

2005
2006
2007

Electricity
kWh/ft2
1.232
1.137
1.082

Chilled water
Ton-hrs/ ft2
0.387
0.338
0.269

Chilled water*
kWh/ft2
0.310
0.270
0.215

Total
kWh/ft2
1.542
1.407
1.297
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* Assumes average EER of 15btu/w
Table 17. North/South building energy footprint based on annual energy / 2.8million square feet

Electricity
Chilled water
kWh/ft2
Ton-hrs/ ft2
2005
0.898
0.308
2006
0.649
0.241
2007
0.601
0.210
* Assumes average EER of 15btu/w

Chilled water*
kWh/ft2
0.246
0.193
0.168

Total
kWh/ft2
1.144
0.842
0.769

The newer controls and technology of the North/South building are more effective in controlling
indoor conditions and conserving energy. This is one reason the energy density is about 1.6 times
greater in the West building. Variable frequency drive (VFD) controls that allow air handling
fans to be run at slower speeds can improve humidity control in buildings designed with cooling
capacities much larger than is needed much of the time. Humidity is under control in the West
building, but requires more air conditioning to do so without the VFD equipment used in the
North/South building. Current plans of OCCC staff to install VFD on air handler fans should
result in good humidity control and much more electricity savings in the West building.

Emerging new low energy commercial buildings are reported to have an energy density ranging
from 0.349 to 0.697 kWh/ ft2 per month. This suggests more opportunities for conservation and
that appropriate future energy management plans at OCCC should successfully result in
additional savings.

33

8.0 Appendix B
Energy Savings Estimates Related to Recommended
Ventilation Modifications in the West Building
In the following analysis of CW energy savings that result from reduction in West Building
ventilation rates, two types of ventilation rate reduction are considered; 1) across-the-board
reduction that results from changes to the ASHRAE Standard 62 implemented in the 2007
revision and 2) ventilation reduction from demand control based on CO2 sensors.
Across-the-board reduction in building ventilation rates
•

•

•

•

Review of the construction documents finds design OA of approximately 1.2 million cubic feet per
minutes (cfm) for the entire West Building. We do not know the design occupancy originally
assumed by the design engineer. However, if we assume 20 cfm per person, then the design
occupancy is 60,000 persons. If we assume 15 cfm per person, then the design occupancy is 80,000
persons. For purposes of discussion and calculation of savings, we will assume design occupancy of
80,000 persons because this will yield a more conservative estimate of energy savings from
ventilation rate reduction.
Ventilation requirements for ASHRAE 62.1 (2007) are considerably reduced compared to the
requirements of ASHRAE Standard 62 (1989). According to the 1989 Standard, office spaces,
meeting rooms, and theatre lobbies were all indicated to require 20 cfm per person. Malls and
arcades required 0.2 cfm per square foot. These rates are considerably higher than the current
ASHRAE standard.
Based on the current ASHRAE Standard 62.1 (2007), most spaces in the West Building have a floor
area ventilation requirement (0.06 cfm per square foot) and an occupancy ventilation requirement (5
cfm per person). For the majority of spaces in the OCCC facility, this represents a substantial
reduction in OA requirements. For 4.1 million square feet of floor area this is 240,000 cfm and for
80,000 people this is 400,000 cfm. The combined ventilation is 640,000 cfm, or a 47% reduction in
OA compared to the approximate 1.2 million cfm in the current design documents.
It is expected that a licensed design engineer would need to develop the new OA requirements for
each individual AHU. Note also that some exhaust flow requirements may have also decreased, such
as for bathrooms (now 50 cfm per toilet fixture compared to a cfm per floor area rate previously).
The engineer will also need to take into account, when designing the new OA flow rates, the building
(and zone) air flow balances in order to keep the building operating at positive pressure with
reference to (wrt) outdoors most of the time, or at least during hot and humid weather.
Non-Exhibit Hall OA CW savings analysis

•

The chilled water requirements to condition the current design OA flow rates have been calculated.
The calculations take into account the OA flow rate and the difference in total energy (enthalpy in
Btu/lb) between the indoor air and the ventilation air. The results of these calculations are shown in
Table B-1. In this table, we see that yearly total OA cooling load for the non-Exhibit Hall AHUs is
9.8 million ton-hours at a consumption cost of about $930,000 (This is slightly more than 50% of

current annual CW consumption.) Based on a reduction in OA flow rates of 47%, annual CW
consumption savings of $440,000 per year in CW consumption (assuming consumption cost of
$0.095 per ton-hour).
Calculation of cooling energy (chilled water) required to condition the outdoor air brought into
the building through the non-Exhibit Hall AHUs based on current (design document) outdoor
airflow rates. Composite weather data is from the Orlando International Airport from January
2005 through May 2007. Drybulb temperature shown in this Table is 4oF warmer than the 24hour weather station value, to account for the fact that ventilation occurs more during the
daytime hours. Outdoor enthalpy is calculated from average outdoor drybulb and dew point
temperatures. Indoor enthalpy is 28.14 Btu/lbda (da=dry air) based on presumed indoor
conditions of 75oF and 50% RH. The building OA flow rate (excluding the exhibit halls) is
777,208 cfm or approximately 3.5 million pounds of dry air per hour (from construction
documents). Concourse AHUs are assumed to run 24 hours per day and the Meeting Room
AHUs are assumed to operate 17 hours per day (5 AM to 10 PM per OCCC staff). In four of the
months, cooling load is shown as negative reflecting the fact that outdoor conditions are cooler
and/or dryer than the room conditions, thus allowing the ventilation air to provide net cooling. In
actual fact, not all of the negative ventilation cooling load should count, because in some cases
the building requires space heat and in other cases the low enthalpy simply reduces indoor RH
below the presumed design level of 50%. In order to be conservative in our analysis, we have
counted the entire negative cooling load.
Table B-1.Ventilation cooling load calculated for daytime outdoor conditions
in non-exhibit hall space.

MONTH
J
F
M
A
M
J
J
A
S
O
N
D
TOTAL
COST

Adjusted
Outdoor
drybulb T
deg F
67.50
68.33
73.50
77.17
80.00
83.33
87.25
88.25
85.25
80.75
74.00
72.50

Outdoor
dew point T
deg F
50.33
51.00
55.67
58.17
64.17
70.67
73.50
74.75
72.25
63.00
61.25
55.75

@ $0.095/ton-hr

Outdoor
enthalpy
Btu/lb
24.65
25.07
27.99
29.89
33.33
37.79
40.61
41.76
39.31
32.93
30.46
27.79

Ventilation
Cooling load
Ton-hours/mo
-631425
-555437
-27139
316617
938996
1745917
2256122
2464185
2020921
866626
419744
-63323
9,751,804
$926,421

Exhibit Hall OA CW savings analysis
The Exhibit Hall AHUs operate relatively few hours per month compared to other AHUs in the
building per guidance provided by OCCC staff. Based on review of the OCCC scheduling and
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occupancy data provided to FSEC, it appears that the Exhibit Halls operate for only about 6 days
(14 hours per day) or 84 hours per month, which is 11.5% of the time (and remain off except
during events). Because of the small number of hours of operation time and because the current
OA fraction for the Exhibit Halls is smaller than for the non-Exhibit Hall spaces, total OA
cooling load and CW consumption cost for Exhibit Hall ventilation is relatively small. Projected
annual CW usage for conditioning the Exhibit Hall OA, based on current airflow rates, is only
715,000 ton-hours at a consumption cost of $67,886. Based on a 47% reduction in the design OA
ventilation airflow rates, projected savings would be $31,906 per year. Table B-2 presents the
analysis.
Calculation of cooling energy (chilled water) required to condition the outdoor air brought into
the building through the Exhibit Hall AHUs based on current (design document) outdoor airflow
rates. Composite weather data is from the Orlando International Airport from January 2005
through May 2007. Drybulb temperature is 4oF warmer than the 24 hour weather station value,
reflecting the fact that ventilation occurs more during the daytime hours. Outdoor enthalpy is
calculated from average outdoor drybulb and dew point temperatures. Indoor enthalpy is 28.14
Btu/lb (da) based on presumed indoor conditions of 75oF and 50% RH. The current OA flow rate
for the exhibit halls is 421,000 cfm or 1.89 million pounds dry air per hour (from construction
documents). Exhibit Hall AHUs are assumed for this analysis to operate 14 hours per day (6:30
AM to 8:30 PM) for six days per month, or 84 hours per month. In four of the months, cooling
load is shown as negative reflecting the fact that outdoor conditions are cooler and/or dryer than
the room conditions. In actual fact, not all of the negative ventilation load should count, because
in some cases the building requires space heat and in other cases the low enthalpy primarily
reduces indoor RH below the presumed design level of 50%. In order to be conservative in our
analysis, we have counted the entire negative cooling load.
Table B-2. Ventilation cooling load calculated for daytime outdoor conditions in exhibit halls.

MONTH
J
F
M
A
M
J
J
A
S
O
N
D
TOTAL
COST

Adjusted
Outdoor
drybulb T
deg F
67.50
68.33
73.50
77.17
80.00
83.33
87.25
88.25
85.25
80.75
74.00
72.50

@ $0.095/ton-hr

Outdoor
dew point T
deg F
50.33
51.00
55.67
58.17
64.17
70.67
73.50
74.75
72.25
63.00
61.25
55.75

Outdoor
enthalpy
Btu/lb
24.65
25.07
27.99
29.89
33.33
37.79
40.61
41.76
39.31
32.93
30.46
27.79

Ventilation
Cooling load
Ton-hours/mo
-46269
-40701
-1989
23201
68808
127937
165324
180570
148089
63505
30758
-4640
714592
$67,886
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Combined Exhibit Hall plus non-Exhibit Hall OA CW savings analysis
Based on the preceding analysis, CW consumption savings (based on $0.095 per ton-hour) from
a 47% reduction in design OA ventilation rates for the entire building would be about $470,000
per year, $440,000 for the non-Exhibit Hall portions of the building and about $30,000 for the
Exhibit Hall portions of the building. The cost of implementing this change would involve hiring
a design engineer to determine the new OA flow rates based on the current ASHRAE Standard
62.1 (2007) for each AHU and for Mechanical/Test and Balance contractors to set the outdoor air
dampers to the correct positions. The cost of the mechanical design work and the
Mechanical/Test and Balance adjustments has not been estimated by FSEC staff.
Reduction in building ventilation rates based on demand control
For purposes of this energy savings analysis, CW savings from implementing demand (CO2)
control of ventilation are calculated after the across-the-board OA flow rate reductions (of about
47%) have been implemented. This provides a more conservative estimate of savings from
demand control.
•

•

•

After reducing the building ventilation rate to be consistent with the lower ASHRAE
Standard 62.1 (2007) requirements by about 47% from the current design ventilation rate,
further savings can be achieved by not providing the full ventilation during periods when
there is no occupancy or low occupancy.
Due to the nature of the building occupancy, there are periods when the building is
unoccupied (with exception of a few security and cleaning persons). There are other
periods when only a portion of the building is occupied. Additionally, even when the
building or portions of the building are occupied, the occupancy may be less than design
occupancy. For all of these reasons, demand controlled ventilation can reduce building
energy consumption.
People generate CO2 during the respiration process. CO2 is not generally considered a
pollutant at levels normally found indoors. However, it can be a useful tool in indicating
when the outdoor ventilation rate is sufficient to meet the ventilation requirements of
ASHRAE Standard 62.1. In other words, a CO2 controller (sensor) can be used to open
and close the OA dampers in response to changing CO2 levels in the space.
o At a ventilation rate of 15 cfm per person, CO2 levels will rise to about 700 ppm
(parts per million) higher than outdoors (outdoors is generally at about 400 ppm)
when the occupants have been in the space for an extended period (4 hours or
more). Therefore, if the indoor concentration of CO2 reaches about 1100 ppm, and
assuming that the people have been in the space for an extended period (4 hours
or more, an assumption that is often not achieved), then this indicates that the
ventilation rate is about 15 cfm per person.
o Since the ASHRAE Standard 62.1 changed in 2004 (and the 2007 version is much
the same regarding ventilation as the 2004 version) to include a separate floor
area ventilation air flow rate and a separate per person ventilation air flow rate,
the control of ventilation based on CO2 has become more complicated. Based on
our analysis, CO2 level control points can be set to about 1,700 ppm for the types

4

•

•

•

of spaces found in the OCCC. (FSEC recommends that the design engineer
performs his own calculations to determine the correct CO2 control point.)
Ventilation CW consumption savings can be achieved by setting the OA dampers to a
minimum position equal to that required for the floor area ventilation rate, and then allow
the CO2 controller to open the OA dampers to a higher flow rate position (equal to the
floor area plus design occupancy ventilation flow rates) as the CO2 levels in the space
approach the 1,700 ppm setpoint, using a PID control logic. In this manner, the OA
dampers will remain at their minimum (floor area basis) setting unless the CO2 level rises
sufficiently to call for the dampers to open further.
As stated previously, the savings calculations that follow assume that the design OA
ventilation rates would have already been reduced by approximately 47% because of
changes to ASHRAE Standard 62.1 per the discussion in the preceding section. If those
design OA flow rates are not adjusted prior to this next measure, then the projected CW
consumption savings will be approximately double the amount calculated in the
following.
For the non-Exhibit Hall portions of the building, the annual savings from demand
control are projected to be $262,621. This projected savings amount is based on the
following analysis.
o The current non-Exhibit Hall OA flow rate is 777,208 cfm. After a 47%
reduction, that design rate will decline to 411,920 cfm. The floor area portion of
that OA ventilation rate is 180,000 cfm (assuming that the non-exhibit hall
portions of the building are 3.0 million square feet). The occupancy-based
ventilation would be 231,920 cfm. Much of the 231,920 cfm of OA would not be
required based on CO2 control of the OA dampers. Some assumptions will need to
be made to determine the savings.
o Analysis of occupancy data finds that average daily occupancy for the West
Building is about 4,000 persons per day. There are seasonal patterns where the
Jan – March period has about double the occupancy of the July – September
period. Based on this 4,000 person average occupancy, we find that building
occupancy is, on average, only 5% occupied compared to the presumed design
occupancy of 80,000 persons.
o To calculate the CW consumption savings, we will assume that the entire building
is occupied to full occupancy for 5% of the time, and that it is empty the
remaining 95% of the month (this yields a worst-case assumption, that is, it yields
the least CW consumption savings).
o Monthly average ventilation that results from CO2 control of the OA dampers
drops, then, from 411,920 cfm to 191,596 cfm. The calculated yearly CW
consumption savings that would result from this reduction in ventilation would be
2,764,433 ton-hours, equal to $262,621 at $0.095 per ton-hour.
o Note that the CW consumption savings from ventilation demand control depend
upon accurate readings from the CO2 sensors. Therefore, it will be important to
check and maintain the CO2 sensors on a regular schedule (see separate section
addressing recommissioning including calibration and replacement of CO2
controllers discussed in report section 4.5.4 under recommendations #1 and 10).
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For the Exhibit Hall portions of the building, annual savings from demand control are
projected to be $14,443. These projected savings are based on the following analysis.
o The current (design) Exhibit Hall OA flow rate is 420,953 cfm. After a 47%
reduction, that design rate would decline to 223,105 cfm. The floor area portion of
that OA ventilation rate would be 66,000 cfm based on floor area of 1.1 million
square feet. The occupancy-based ventilation rate would be 157,105 cfm. Demand
control using CO2 would eliminate some portion of the 157,105 cfm occupancybased ventilation air requirement. Some assumptions will need to be made to
determine the savings.
o Analysis of occupancy data finds that average daily occupancy for the West
Building is about 4,000 persons per day. If we assume that 60% of the building
occupancy is occurring in the Exhibit Halls, and that this occupancy is occurring
during only 6 days per month (remainder of the month the Exhibit Halls are
considered unoccupied and the AHUs are off), then the average occupancy during
those 6 days is about 12,000 persons per day.
o The design occupancy of the West Building Exhibit Halls appears to be 28,000
persons, based on the current 420,593 cfm of design OA, assuming 15 cfm per
person. The 12,000 person average occupancy of the six days per month is 43% of
design occupancy. Therefore, we will assume that the OA is at the design cfm
(design equals floor area ventilation plus occupancy-based ventilation) 43% of the
six days and at the floor area required cfm the remaining 57% of the six days.
o During the 6 days of AHU operation, 48 of the 84 hours will then be at the floor
area OA cfm and 36 hours will be at the full design OA flow rate. On balance, the
average OA ventilation rate for the 84 hours of Exhibit Hall AHU operation
declines from 223,105 cfm to 133,555 cfm. The CO2 control of the OA damper
then yields annual OA ventilation energy reduction for the Exhibit Halls of
152,000 ton-hours, or $14,443.

Combined Exhibit Hall plus non-Exhibit Hall OA CW savings from demand control
•
•

Projected CW consumption savings from a 47% across-the-board reduction in design
ventilation rates is approximately $470,000 per year.
Projected CW consumption savings from use of CO2 demand ventilation control is
approximately $280,000 per year ($262,621 for non-exhibit hall spaces plus $14,443 for
the exhibit halls equals $277,064 per year).

Total savings from across-the-board ventilation rate reduction plus demand control ventilation
rate reduction is estimated to be approximately $470,000 + $280,000, or a total of $750,000 per
year.
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9.0 Appendix C
Energy Savings Estimates of Several Completed
Energy Management Measures
An energy billing analysis conducted from January 2005 through June 2007 indicated a
substantial 18.3% decrease in energy expenses at OCCC related to reductions in electricity and
chilled water usage. This is a total reduction about $2,213,552 annually. The question then
arises, what activities had the greatest impact on this indicated reduction? The goal of this
exercise is to estimate the possible savings related to the most significant reported changes and
does not certify that these amounts did occur.
The items evaluated here are chosen from measures indicated to have occurred by OCCC
administrative staff in two different informal documents. The first was “An Outline of OCCC’s
Current Energy Management Program” dated 4/25/07 and the second was “EIS conserv proj.xls”
sent in an email 8/24/07. Many measures have been completed at OCCC over the past two and a
half years to manage energy. Every specific measure has not been listed in the energy
management measures reported to FSEC, but the most significant efforts are believed to have
been reported.
Dollar savings are calculated based on an average of the first 6 months of 2007 rates for each
building.

North / South Convention Building
Estimated savings from reduction in emergency lighting
This involved reducing the number of fluorescent lamps from 6 fixtures down to 2 fixtures per
meeting room unit. Power required for average electronic ballast and two T8 lamps is 88.7
Watts. If the 4 lamps left on in 6 fixtures were reduced down to 2 lamps in 2 fixtures, then power
reduction would be 887W. The estimated savings were calculated starting with the total power
reduction. This is calculated as 887 W saved x 102 rooms =90.474 kW saved. The energy saved
is 90.474kW x 6,570 unoccupied hrs/yr =594,414 kwh/yr @$0.08021=$47,678. The reduction in
electricity will also result in reduction in heat load thereby decreasing the amount of chilled
water to cool the space. Since lights are within the air and thermal boundaries of the building,
100% of energy saved is assumed to result in reduced cooling. There are 3415.2 btu per kW and
one ton cooling per 12,000 btu. The associated chilled water saved is calculated as 594,414 kWh
x 3,415.2btu/kW / 12,000btu/ton = 169,170 ton-hrs. At $0.099 per ton-hr, this is equal to
$16,748.
Total estimated annual savings $64,426.
Daylight harvesting – for atrium in N/S; shutting down lighting in the atrium during
daylight hours.
It should be understood that illumination is extremely variable depending on the several factors
such as lamp lumens, fixture style, direction of lighting, luminance of surfaces and density of
lighting. Specific areas may be quite different than the general assumptions used in the following
estimates. Attempts have been made to represent the entire atrium areas as reasonably as
possible and monitored illumination data has been used to guide this analysis.

The estimations made here are calculated for different levels of illumination based on an average
assumed lighting efficacy. The Illuminating Engineering Society of North America (IESNA)
generally recommends 3 foot candles (fc) to 10fc (horizontal) for this type of space. Monitoring
of atrium spaces in the N/S building indicates about 5 fc illumination occurs overnight so
estimates made at the 5 fc level should provide the best estimate of savings that occurred.
Estimates at greater levels of illumination are provided to show the potential savings over a
range of illumination. It also helps establish a range of potential savings due to the uncertainty of
illumination and efficacy throughout all sections of the atrium.
An area of 272,820 sq.ft. illuminated floor area of atriums exposed to daylight was used (based
on approx. scale from public map). A typical office space uses about 1.38Wper square foot to
produce around 50 fc from electric fluorescent lamps. Typical fluorescent lighting uses about
0.0276 W per square foot to provide one foot candle of illumination, however the atrium space
uses metal halide lamps as well as fluorescent lamps. On average metal halide efficacy is about
19% less than fluorescent so an increase of about 23% is made to the fluorescent power density.
This results in an estimated power density of 0.034 W per square foot. Based on this lighting
power density, overnight lighting in atriums would use about 46,379 Watts to provide around 5
fc of illumination (0.034 x 5 fc=0.17 w/sq.ft x 272,820 sq.ft.=46,379 W).
Table C-1 indicates kWh / year used by atrium lighting.
On 5 pm-8am
Illumination level
On 24 hours/day
(on 5,475 hrs/yr)
At 5 fc
406,280
253,925
At 10 fc
812,560
507,850
At 20 fc
1,625,120
1,015,700

Astronomical clock
(on 4,380 hrs/yr)
203,140
406,280
812,560

Table C-2 indicates kWh, ton-hours and $ saved per year due to atrium lighting control reduced
from 15 hours per day to 12 hours per day (annual average) at different illumination levels.
Electricity
Chilled Water
Total $
Illumination
saved
kWh
$ saved in
Ton-hours
$ saved in
level
saved
electricity
saved
chilled water
At 5 fc
50,785
$4,073
14,453
$1,431
$5,504
At 10 fc
101,570
$8,147
28,907
$2,862
$11,009
At 20 fc
203,140
$16,294
57,814
$5,724
$22,017
In the most conservative case at 5 foot candles of illumination, it is estimated that the time clock
control would result in 50,785 kWh electricity saved/yr = $4,073and 14,453 ton-hr associated
reduction in CW @$0.099/ton-hr=$1,431for a combined total savings of $5,504per year.
Large group code to minimize light levels.
Typical total wattage available in each meeting room is 14.1kW x 102 rooms = 1,438 kW.
Before retrofit power 1,438 kW x 50% left on x 24 hours x 365 days = 6,298,440 kWh used per
year. It is not clear what happens to lights left on overnight. We know at some point a change
was made to minimize emergency lighting levels where lighting is much less than 20%. Table C3 shows results for two scenarios. One for if lights are left on for same amount of time (24/7),
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and the second assumes lights left on 24 hours at 20% level only during move-in through move
out period estimated to represent half of the year. The differential in power usage is 50%20%=30% reduction. The estimated annual savings if lights are left on 24/7 is 30% x 1,438 kW x
8,760 hrs/yr=3,779,064 kWh ($303,119 saved). The estimated reduction in chilled water is
1,075,522 ton-hours which saves about $106,477 per year.
Table C-3 electricity and chilled water reduction based on two light reduction scenarios for
meeting rooms.
Total $
Electricity
Chilled Water
Post change
saved
kWh
$ saved in
Ton-hours
$ saved in
saved
electricity
saved
chilled water
Lights on 24/7 3,779,064
$303,119
1,075,522
$106,477 $409,596
(8760 hrs/yr)
Lights on 4380 1,889,532
$151,559
537,761
$53,238 $204,797
hrs per yr
The total maximum (optimistic) savings resulting from lights left on 24/7 is $409,596 per year. A
more conservative estimate based on lights not left on at 50% for half the year results in
$204,797 saved per year.
Shut Down Supply Power to Floor Transformers
Transformer standby loss is reported to be about 1-2% as reported by Leonardo Energy in a
September 2002 report. There is large potential capacity of power supplied to exhibit floors that
is not needed a significant amount of time that represents wasted energy. Based on a reported
number of 75 transformers with avg. rating of 300 KVA this represents 22,500 kW total
capacity. Assuming a 1 % standby loss results in 225 kW of loss. If power to transformers could
be turned off about 150 days per year, the reduction in energy use would be 810,000 kWh (225
kW x 150 days x 24 hrs) and dollar savings in electricity would be $64,962 per year. Reduction
in chilled water would be 230,526 ton-hours @$0.099 = $22,822 per year. The total annual
estimated savings would be $87,715.
Measurements conducted by OCCC staff indicate a 264 kW difference in power to floor
transformers when on and off. This is greater than the previous assumed amount of 225 kW, but
is within the typical 1-2% loss reported by Leonardo Energy. Based on the measured reduction
of 264 kW electricity savings would total 950,400 kWh @$0.0802=$76,222. The reduction in
chilled water would be 270,484 ton-hrs cooling @$0.099=$26,778.
Overall the annual savings would be $103,000.
Shutting Down AHUs in Non-Perimeter Spaces (meeting rooms)
It is first assumed that before AHU shut down was implemented, the AHU fan speed would have
operated around 30% with a 15% cooling load factor during periods of no occupancy. It is also
assumed that half of the meeting rooms can be shut down. Power use drops exponentially as
VFD decreases speed of electric motors. Figure C-1 shows the typical relationship between
decreased fan speed and decreased fan power for three different VFD controlled fan motors.
Based on Figure 1, AHU fan speed of 30% is a 70% reduction in speed which would result in
about 90% reduction in fan power.
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Figure C-1 FSEC measured reductions in fan power associated with exponential reductions in fan power.

Reduction in electricity use is estimated as follows: Half the AHU shut down when unoccupied
is calculated as 447.6 kW x 50% (half of all meeting room AHUs) =223.8 kW with another
estimated reduction of about half of all available hours of the year (4,380 hrs) to account for
when spaces are rented. 223.8 kW x 10% (operation at 30% speed equates to reduction of 90%
power) x 4,380 hrs/yr (operation only 12 hrs/day) = 98,024 kWh/yr @$0.08021=$7,863/yr saved
Reduction in chilled water related to reduction in fan power 98,024 kWh =27,897 ton-hrs
@$0.099/ton-hr=$2,762/yr
Chilled water reduction due to elimination of cooling of spaces is based on half of meeting
rooms no longer being cooled and also accounting for a smaller cooling load.
2,099 tons (total meeting room capacity) x 50% (assume half) x 4,380 hrs/yr (rooms not
occupied half of time) =4,596,810 ton-hrs/yr x 15% load factor = 689,521 ton-hrs/yr reduction
@$0.099 /ton-hr=$68,263/yr
The total estimated annual savings for this measure is $78,888.
Reducing Ventilation in Meeting Rooms
Maintenance inspections found some outside air dampers were not being modulated correctly
due to problems with drive assemblies stuck. The exact nature of where dampers were stuck and
how many were repaired is not known, however OCCC staff report that some reduction in
outside air may have occurred related to dampers stuck open at settings greater than controls
would have called for at times.
This estimate evaluates savings likely due to reducing the minimum outside airflow rates under
specific assumptions. If minimum OA flow rates were reduced by 20% this would represent an
8,625 cfm reduction in outside air. (This minimum was based an assumption that minimum flow
rates are about 25% of the designed maximum found in design specifications (43,126 cfm
minimum x 0.2 = 8,625 cfm reduction which is equivalent to 38,812 lb/hr). Chilled water savings
were calculated for each month of the year using typical weather data averaged for each month
and typical indoor conditions (enthalpy of 28.14 btu/lb. air) to derive psychrometric calculation
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of energy required to be removed from outdoor air. Since outside air is controlled by CO2
sensors, it is not known how long outdoor air stays at minimum settings. Two operational
scenarios will be used to make estimates.
The first scenario will assume that AHUs were permitted to operate 24 hours each day and that
minimum ventilation occurs 60% of the time from 8 am-5pm and 100% of the rest of the time.
This results in 20.4 hour/day where ventilation would operate at minimum levels. The second
scenario assumes that AHUs were only permitted to operate 12 hours each day with minimum
ventilation occurring 60% of the time from 8 am-5pm and 100% of the rest of the time. This
results in 8.4 hour/day where ventilation would operate at minimum levels. Table C-4 shows
estimated savings for the two different operational schedules.
Table C-4 reduction in ton-hours and $ due to reduction of ventilation air to meeting rooms
based on 8 month cooling season base on different AHU schedules.
Reduction
Reduction
AHU operation hrs/day
ton-hours
$
24
122,342
$12,112
(min. ventilation 20.4hr/day)

12
(minimum ventilation 8.4 hr/day)

50,376

$4,987

While there are periods of time during the December-March period where there is added cooling
load in the outside air, the cooling load is small particularly since the air is much drier. The
average monthly conditions result in negative monthly cooling load values which indicates the
heating load is greater than the cooling load on average for these months. Therefore, these
monthly negative values should not be subtracted, but instead deleted from the analysis. This
will result in a small underestimation of total annual cooling load related to outside air.
Conservative estimated savings are $4,987/yr and optimistic savings are $12,112.
Raised perimeter space nighttime (12 hours)
A spreadsheet was used to estimate the reduction in cooling load associated with raising the
thermostat setting during overnight periods. The set point was programmed at 3 set points based
on outside air temperature throughout the period. It is assumed the interior setpoint averages
about 2 degrees greater than the outdoor temperature for 12 hours per day during overnight
periods. Past outdoor weather data averages of hours from 6 pm through 7 am were used as the
average representative outdoor condition to which 2 degrees were added to calculate the average
representative indoor temperature. The average indoor setpoint turns out to be 79 F.
Perimeter spaces are assumed to be spaces having surfaces adjacent to outdoors. Exhibit hall
space is not included since these areas are only conditioned when occupied. Exterior perimeter
surface areas were categorized as opaque wall, glazing wall area, and ceiling area. A total surface
area of 138,380 ft2 with effective R value of 1.3 was used for glazing wall area, a surface area of
77,220 ft2 with R11 was used for opaque wall areas, and 700,000 ft2 of ceiling area was used
with effective R 15. Calculations of cooling loads were made twice for each of these sections.
This was done once with indoor temperature at 76 F and a second time with indoor temperature
at 79 F. The average exterior surface temperature used in calculation for walls was 82 F and the
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temperature for ceiling was 85 F. The annual total estimated reduction in cooling load is 175,345
ton-hours Annual estimated savings are $17,359.
Reduce Oversight Bridge Lighting
OCCC staff reported that 39.2 kW reduced down to 20.5 kW, a reduction of 18.7 kW.
Annual electricity reduction is 18.7 kW x 12 hours per day x 365 days per year = 81,906 kWh.
Estimated annual savings are $6,570.
HVAC Bias adjustments and Atrium shut down of selected AHU
Increased bias – to reduce unnecessary heating
Changing bias in HVAC has likely had a large impact, but this is very difficult to calculateWe have no details on which systems were impacted and would need to know how much electric
strip heat kW activated for how long, which can’t be known without monitoring. The following
example assumptions and estimates are offered to indicate how large an impact changing the bias
may have.
The amount of electric heat available that may have activated in the North/South building is not
known. Electric heat information available in design documents for phases 2 and 3 of the West
building non-exhibit hall areas was used to develop an average kW/ max design cfm value. This
value is 0.00571 kW/cfm. This value was used with the design AHU cfm of North/South
building excluding exhibit halls and electrical rooms. Assuming that only 70% of AHU have
electric heat, the estimated total 5,833 kW is used as the total available heat capacity. A very
conservative estimate assumes only ¼ of the total heat available activates related to the heating
setpoint being close to the cooling setpoint for an equivalent of 2 hours per day over 8 months.
If this is the case, then the savings are calculated as 5,833 kW x 25% x 487 hours = 710,168
kWh per year. This represents a very conservative potential savings of $56,963 per year without
accounting for the added cooling load. If the heat added is considered to increase the cooling
load, then 202,114 ton hours are saved at a value of $20,009 and total dollar savings increases to
$76,972 per year.
To appreciate the potential that changing the bias can have, a second estimate is offered here
which still may be considered conservative. If ½ of the total heat is activated, on average, for an
equivalent of 6 hours per day over 8 months, this results in a reduction of 4,252,257 kWh/year
($341,074) and reduction of chilled water of 1,210,192 ton-hours per year ($119,809). The
combined savings could represent $460,883 per year.
Shutting down atrium AHUs during periods of part-load
Assumed 2/3 AHU off Nov-March and 1/2 off April-Oct except for estimated 540 hours of
occupancy during hottest three months of year. The reduction in fan power is 834,323 kWh/year
@$0.08021=$66,921/yr. The chilled water reduction associated with fan heat reduction is equal
to 237,448 ton-hrs = $23,507/yr. There is also chilled water reduction due to shut down of AHU
which will no longer pull outside air into system when off. The assumed reduction of minimum
outside air setpoint at 25% of designed maximum 25%x 268,005 cfm=67,001 cfm reduction.
Using psychrometric calculations, the annual reduction in chilled water is estimated to be
$50,357.
Total estimated savings are $140,785 per year.
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One other opportunity for reduced energy which cannot be calculated without monitored data is
reduction in cooling or heating related to the RH control algorithm which reduces the amount of
cooling and reheat.
The North/South building total savings using the more conservative estimates are $703,288 per
year. The total savings based on more optimistic assumptions are $906,040 per year. The billing
analysis, which was normalized for weather differences, indicated about $989,715 saved
annually.

WEST Building
Shut Down Supply Power to Floor Transformers
It has been reported that the West exhibit floor transformer power density should be similar to
that in the N/S building and the shut-down days is unknown, therefore the same power density is
assumed as occurs in the N/S building. Floor transformer power density is figured based on N/S
22,500 kW/950,282 sq.ft = 0.02368kW/sq.ft; The West building expected power is then 0.02368
x 1.103538 mill sqft.=26,129 kW. Using the same standby loss from N/S, the estimated
transformer losses are 26,129 kW x 1.17% loss=306 kW.
The days shut down are figured as follows: Reported occupied days was 165 annual total N/S
and 205 occupied days in the west which would indicate 200 days of potential shut down for N/S
and 160 for the West. The occupied days represent non-exhibit space as well as exhibit hall
space. The meeting room spaces can be occupied more often than large exhibit areas. Fred Baker
reports only 150 shut down days for n/s exhibit halls (much less than 200). A representative
ratio of occupied days is used to adjust the West shut down days. Since the number of days for
potential shut down in West (based on occupied) is 20% less than N/S, a 20% reduction of 150
days is used for West = 120 days shut down.
Electricity saved is calculated as 306 kw x 120 days x 24 hr/day=881,280 kWh/yr saved @$
0.08534=$75,208
CW saved 881,280 x 3415.2 btu/kW / 12,000 btu/ton=250,812 ton-hrs/yr @$0.0957 =$24,003/yr
Overall annual total saved is $99,211.
Replaced Pond Water Fountains with Higher Efficiency Motors and Reduced Schedule
Previous pump power totaled 93.1 kW and operated 24 hours per day 365 days per year resulting
in a total energy use of 815,556 kWh per year before retrofit. New pumps were placed totaling
22.35 kW operated only 15 hours per day resulting in an annual use of 122,366 kWh per year.
The difference (815,556 kWh - 122,366 kWh) results in a calculated savings of 693,190 kWh per
year @$0.08534= $59,157 saved per year.
Minimizing Open Door When AC is On.
There are many variables that effect cooling loads related to naturally caused ventilation. The
energy difference between the outdoor air and indoor air change hourly, the quantity of air
transferred depends upon the pressure induced by wind, which is also variable, and the available
building whole size which depends on how many doors are open and for how long.
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The impact of open doors upon cooling energy occurs when the open doorways to outside result
in more ventilation air than is already being brought in through the air conditioning systems. If
only a few doors open, there is not likely to be a measureable increase in energy usage during
light winds because of the large amount of ventilation air brought into this building.

Figure C-2 Door way from West Hall B4 open
to main concourse.

Figure C-3 Paper towel pulled into West hall
B4 due to pressurized concourse pushing air
into exhibit hall with outdoor doorway open.

Based on design documents, approximately 777,200 cfm total for all non-exhibit areas is brought
into the building and is expected to be much greater than the total amount of exhausted air. This
means that the West building operates under positive pressure. If only a few standard sized doors
are open to outdoors, this would result in a drop in building pressure, but positive pressure would
still be maintained due to the large amount of outside air. This is exhibited in Figures C-2 and C3 where pressurized concourse air rushes into unoccupied exhibit hall with door open to outside.
The more doorways that are opened, the lower the building pressure becomes and the easier it is
for wind to overcome building pressurization.
Given the large amount of uncertainty in obtaining this type of estimate, two scenarios will be
used to establish a reasonable range. Consider the first scenario that assumes a reasonably
elevated windspeed average of 10 mph and very large amount of door openings and building
leakage equivalent to 420 ft2. The greatest potential for open doors to result in increased cooling
loads would be during larger events during move-in and move out periods when large bay doors
are open and wind direction is into open doorways with a large number of doorways into the
concourse also open at the same time. An estimated impact of minimizing door openings using
this scenario and assuming this occurs 24 hours each month. This estimate assumes the wind has
to overcome a certain degree of building pressurization with 100% penetration into the
concourse area. Chilled water savings were calculated for each month of the year using typical
weather data averaged for each month and typical indoor conditions (enthalpy of 28.14 btu/lb.
air) to derive psychrometric calculation of energy required to be removed from outdoor air. The
optimistic overall estimated reduction in cooling load is 202,828 ton-hours @$0.0957= $19,411
saved per year.
A more conservative estimate is based on a second scenario assuming 5 mph wind acting on
about 16 open doors (336 ft2 opening). If this occurs during a total of 24 hours each month, it
8

results in 81,131 ton-hours reduced per year at a savings of $7,764 per year. While the
optimistic estimate is 1.5 times greater than the conservative one, it shows the potential for
energy consumption to escalate substantially given certain circumstances.
Raised cooling set point on non-show days
The indoor cooling set point was raised 2 degrees F at times during unscheduled periods only on
non-show days. The average estimate of occupied days for the West was 205, but includes
move-in and move out days. The set point increase occurs during the moving periods as well as
unoccupied periods. Since the typical event may represent about 40% of all “occupied” time, the
time available for raised set point is 160 days+123 moving days=283 days per year.
Past research has found about 8%-12% reduction in cooling energy for every degree the setpoint
is raised during the 6 warmest months of year. We have no results based on an annual basis for
commercial buildings, but the potential for savings is insignificant for about three months from
December-February and very small for March-April. Therefore savings will be calculated based
on 8% reduction occurring during 6 months based on proportional representation of the 283/365
days per year (77.5%). The available days for raised set point then becomes 142 days (183 days,
which is 6 months, x 77.5%). The chilled water energy use is predicted based on the billing
analysis for the 6 month period. This is chilled water usage for the entire building, so the exhibit
hall chilled water must be subtracted from this. Since this is not sub-metered, an estimate is made
based on: 8,257 total tons x average of 43.2hrs/mo/30days=11,890ton-hrs/day of exhibit hall
chilled water. Subtraction of 11,890 ton-hours used by exhibit halls from the whole building
chilled water of 62,396 ton-hours energy would be 50,506 ton-hrs per day usage before set point
adjustment. 50,506 ton-hours x 142 days = 7,171,852 ton-hours per year available for reduction
(but only occurring during 6 warmest months). An 8% reduction represents 573,748 ton hours
potentially saved per year saving $54,908 per year.
Sweep of building to shut down light to minimum light levels.
This reduction involved turning off lights down to minimum safety levels in areas not occupied
by exhibit events. The building lighting system is given a command to turn off lights according
to event schedule. The typical total wattage available in each meeting room is 14.1kW x 156
rooms = 2,200 kW. The minimum lighting power level is assumed to be 1.1kW per meeting
room which would be approximately 86 kW for half of the rooms. The differential in power
usage is then the difference between the representative percent of lights left on and 86 kW. If
75% of lights were left on, this is 1,650 kW - 86 kW=1,564 kW reduction. While 75% is very
likely much higher than the estimated 50%, it is calculated here to provide an upper possible
limit. Table C-5 shows results for three scenarios. The first row indicates the total reduction in
energy and costs if 75% of the lights were left on for 24/7 and then got turned off down to
minimum levels. The second assumes that only 50% of the lights were left on and the third
assumes only 25% of the lights were left on. The estimated annual savings if 75% of lights were
left before being turned down to minimum is 1,564 kW x 8760 hrs/yr=13,700,640 kWh. The
estimated reduction in chilled water is 3,899,202 ton-hours.
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Table C-5 electricity and chilled water reduction based on two light reduction scenarios for
meeting rooms.
Total $
Electricity
Chilled Water
Post change
saved
$ saved in
Ton-hours
$ saved in
kWh saved
electricity
saved
chilled water
75% Lights on 13,700,640 $1,168,665
3,899,202
$373,154 $1,541,819
50% Lights on
8,882,640
$757,689
2,527,999
$241,930
$999,619
25% Lights on
4,064,640
$346,714
1,156,797
$110,705
$457,419
Estimated savings from reduction in emergency lighting
During this project it was reported that the minimum lighting level will soon be reduced to levels
comparable to those in the North/South building. This has the potential to save about $77,547 in
electricity costs and another $24,761 in chilled water for a total annual estimate of $102,308.
HVAC heating and cooling setpoint adjustments of selected AHU
Increased bias – to reduce unnecessary heating
Changing the cooling and heating set points in HVAC could have had a large impact, but this is
very difficult to calculate. Changes that cause greater separation between the heating and cooling
set-points would help decrease the likelihood of heating and cooling cycles occurring frequently
within the same day. We have no specific details on which systems were impacted and would
need to know how much electric strip heat activated for how long (or information about input
btus of heat in the case of hot deck used in phase1), which can’t be known without monitoring.
The following example assumptions and estimates are offered to indicate how large an impact
changing the setpoints could have.
The amount of electric heat available that may have activated in the West building is not known.
The heat provided by hot water used in phase 1 will not be considered due to limited information
and complexity. Electric heat information available in design documents for phases 2 and 3 of
the West building non-exhibit hall areas was used to develop an average kW/ max design cfm
value. This value is 0.00571 kW/cfm. Based on this value and the design cfm of the West
building, an estimated total kW is used as the total heat for non-exhibit hall space that also
excludes AHU serving electric rooms. This methodology assumes that 70% of AHU have heat of
similar capacity to Phases 2 and 3. The remaining 30% of AHU are assumed to have no heat.
The estimated total heat capacity is then 9,844 kW. A very conservative estimate assumes only ¼
of the total heat available activates related to the heating setpoint being close to the cooling
setpoint for an equivalent of 2 hours per day over 6 months. If this is the case, then the savings
are calculated as 9,844 kW x 25% x 487 hours = 1,198,507 kWh per year. This represents a very
conservative potential savings of $102,281 per year without accounting for the added cooling
load. If the heat added is considered to increase the cooling load, then 341,095 ton hours are
saved at a value of $32,643 and total dollar savings increases to $134,924 per year.
The West Building total savings, based on most likely assumptions, come to $1,355,583 per
year. The billing analysis, which was normalized for weather differences, indicated about
$1,223,837 saved annually in the West building. Given the amount of uncertainty in the many
assumptions made, a difference of about 10% is not unexpected.
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Introduction
The deployment and use of an energy information system (EIS) for any commercial facility,
large or small, is an important tool for controlling expenses. Soaring energy prices have even
motivated some companies and utilities to design and offer energy monitoring products and
services to residential as well as commercial customers, thereby widening the EIS market
dramatically. As a result of the feedback provided to owners and managers from an EIS, building
energy use can be reduced, often in the range of 5 to 20% 1.
The Orange County Convention Center (OCCC) in particular could greatly benefit from the
use of an energy monitoring system. The level of monetary savings and reduction in
environmental impact will depend on how it is used as well as how it is deployed. In the
following sections, this report will discuss what the main components of an energy monitoring
system are and how they work together, one possible phased deployment strategy, and several
recommendations for the design, installation, and use of an EIS at the OCCC.

1.

Energy Information System Components
Though an EIS can be configured in a variety of ways, most systems can be broken down
into four main components:
1.
2.
3.
4.
2.1

Sensors
Communications
Data Storage
Data Processing and Visualization

ex. Current transducers, flow meters
ex. Fiber, wireless, cat6
ex. SQL database, XML files
ex. Web portals, emails, SMS messages

Sensors

The EIS will employ a number of sensors designed to monitor energy use through each of the
OCCC’s service channels. In the case of chilled water, meters that measure flow rate and delta-T
must be available at each of the inlet points in the north/south building and the west building.
For natural gas, flow meters must be placed at each of the utility entry points in the north/south
building and west building (similar to chilled water). To monitor electrical energy use, the
meters aren’t more complex, but the sensor points are far more numerous than any of the other
energy utilities. In some cases instrumented main switchboards (MSBs) can provide watt-hour
data as well as power quality information. For older MSBs and system level monitoring,
electrical energy information could come from watt-hour meters that use current transducers
1

Dewey, J., Dewey, J., Motegi, N., Piette, M., Kinney, S. (2003) Case Studies of Energy Information Systems and
Related Technologies: Operational Practices, Costs, Benefits. (p. 1)
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(CTs) or event digital utility meters (such as the kind now used by most utilities). In some cases,
such as the lighting service channel, automated control systems can provide energy use
information, as the equipment is appropriately sub-metered (the Lutron lighting system in the
N/S Building already has distributed watt-hour meters in many of the relay and dimming panels
as well as energy monitoring tools in the control software).
There are a number of sensor points that could be monitored by an EIS. Each sensor point
could yield valuable data, however the cost of monitoring every single energy use item would be
extremely high. As a result, Table 1 below outlines all of the possible types of sensor points and
includes information about the relative cost and difficulty in instrumenting that point as well as
the usefulness of that data. Only Prop circulation fans and Exhibit Hall Busways are indicated as
having low usefulness in this selection of items. It is assumed that circulation fans are controlled
well with use limited to only when set-up and move-out occur. Energy use can be easily
calculated when the power rating and run-time of fans is known. It is expected that energy usage
in the exhibit hall busways is relatively steady without much variability and that there are several
electric and chilled water circuits. The usefulness could be medium if there is an opportunity to
reduce fan coil usage or some future lighting retrofit. The cost could be low if the lighting and
chilled water lines pull from just a few primary circuits.
Table 1. Sensor location and relative indication of cost, difficulty, and usefulness of
implementing
Sensor Point
Cost
Difficulty
Main Switch Boards (electricity)
Medium
Medium
Natural Gas Lines
Medium
Low
Chilled Water Lines
Medium
Low
Lighting (Lutron system)
Low
Low
Spot Metering (Temp., R.H., and Light levels)
Low
Medium
Fan Coils (kWh and CW)
High
High
HVAC AHUs (kWh and CW)
High
High
Lighting (Strand system)
High
High
Lighting (GE system)
High
High
Prop circulation Fans (N/S Bldg)
Low
Low
Floor Transformers
High
High
Exhibit Hall Busways
High
High

Usefulness
High
High
High
Medium
Medium
Medium
High
Medium
Medium
Low
Medium
Low

Interoperability
Building automation and management systems have been around for many years. The
accuracy and resolution of the sensors have greatly improved, as have the feedback and control
hardware. As a part of the evolution of these systems, the emergence of open-protocols for
equipment and data communication has become more pervasive. When evaluating the
interoperability options for the BAS employed in the N/S OCCC building, one must consider
how many of these advanced features are available as well as the usefulness of the data collected.
The Johnson Controls building automation system currently being employed in the N/S
building of the OCCC is a relatively new system that allows facility managers a great deal of
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control and flexibility when it comes to controlling the building’s indoor environment. The
system’s existing environmental sensors could yield interesting and valuable data when analyzed
in relation to facility energy use. However, it does not provide any electricity energy data and
only energy data from two chilled water BTU meters. One of these is for the north side and the
other for the south side of the building. Extraction of JC data would not provide the most basic
energy-related information needed in a broad scope approach to energy management. A broad
approach is one that looks only at the energy use of large areas such as electricity use at each
MSB as shown in EIS Deployment Strategy section 2.4 later in this report. Data about HVAC
system control status or sensor readings (which make up a majority of the data made available by
the JC BAS) are most useful when trying to pinpoint where or why high usage is occurring. The
amount of data storage required to store the HVAC system control status and sensor readings
should be evaluated as it would be quite large to systematically collect and store representative
HVAC data from the JC BAS. There is an advantage to collecting this type of data since it
provides a historical record of what occurred and how the HVAC system was configured in the
past. This could be useful as there may be no remaining record of what happened in the past if
settings are changed prior to an inquiry.
If only limited information about specific areas is desired (such as space temperature, RH
and CO2), then additional devices could be installed and used to provide information to the EIS
in place of the BAS sensors. For example, room conditions could be monitored using portable
loggers easily installed and programmed by OCCC staff within 2 hours per site. The loggers
have an available interface that permits communication through an existing Ethernet network.
Temperature, RH, light intensity and CO2 can be monitored for less than $750 per site using
Onset Computer HOBO equipment as one example.
Assuming that one would like to collect many of the JC data points, the task of data
extraction from the Johnson Controls BAS is a bit complicated and limited. Current Johnson
Controls BASs that are a part of the Metasys product family have the ability to share data
through open data exchanges formats and protocols (such as XML and SOAP); However,
representatives from Johnson Control’s Lake Mary and Jacksonville offices confirm that the J.C.
system in use at the OCCC is not a version that currently supports such features(the Lake Mary
office representative is familiar with the J.C. BAS employed in the N/S building at the OCCC).
However, it may be possible to upgrade the system through the installation of a network
integration engine (NIE) and possibly upgrading the network controllers to obtain these data
access features. Currently, to extract data from the BAS, there are two approaches: one is to
configure the BAS to produce periodic reports that include specific data points, then create a
program to scan those reports and extract the information to include in a central energy
information system database. The other method would require the use of a tool that would
interrogate the BAS and dump the data for a given period into an excel file (or formatted text)
which could be processed and stored in the EIS. The most limiting factor of this process is the
periodic nature with which data is extracted; usually, data is extracted daily or possibly every
couple of weeks so as not to overburden the BAS. As compared to near-real-time monitoring of
energy through the use of dedicated sensors separate from the BAS, the data from the BAS
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would only be available several times a day; thereby limiting the usefulness of near
instantaneous evaluations.
It should be noted that the BAS employed in the N/S building uses the N2 protocol (a
protocol developed and used exclusively by Johnson Controls systems) to communicate with the
sensors and control hardware located throughout the building. This protocol is documented and
it is possible to grab data directly from devices communicating with this protocol. Software
designed to communicate with N2 enabled devices would provide another avenue for data
collection, but would be of limited usefulness as this protocol is being phased out for newer
open-protocols and is rarely supported by other product vendors.
The idea of utilizing BAS data is good as long as the data sought after is valuable to the users of
the EIS. However, as previously mentioned, the data that could be collected is of limited value
for energy management efforts of only broad scope. Additional sensors that are easily installed
and addressed could provide data more easily and possibly cheaper if only small areas are
monitored. One JC engineer mentioned a rough estimate to upgrade the JC BAS employed in
the N/S building would run in the “thousands”. While this is very broad, specific quotes on
numerous pieces of equipment would be required for a better estimate of costs and is outside the
scope of this project. The upgrade costs could be justified if the BAS selected to manage the west
building was compatible with the system in the N/S building. A new unified building
automation cluster could provide uniform data that is easily accessed and stored for use in
diagnosing energy use specifically by HVAC systems.
2.2

Communications

The OCCC has two main communications infrastructure options for the EIS to use, wireless
802.11b/g (Wi-Fi) (as provided by SmartCity Wireless) and pre-installed fiber optic lines. While
the wireless network is very pervasive throughout both buildings of the convention center, a
casual measurement of wireless signal strength in the various electrical rooms shows that it
varies widely from very strong to almost unusable. What makes wireless attractive is that there
are a number of data monitoring devices that are Wi-Fi ready and require little physical
infrastructure change to utilize. Though Wi-Fi offers convenience of deployment, a more
reliable option would be to use the pre-existing fiber optic lines to communicate sensor data back
to the central data storage server as it is secure, and the signal quality never fluctuates.
When selecting a data communications infrastructure, a chief concern is security; though the
energy data does not need to be secured, the data storage, processing, and visualization
computers will most likely be placed on a protected network. In the case of fiber optic, the data
will never have to travel between an unsecured and a secured network. Wi-Fi, since it travels
through an externally controlled network, will have firewall and reliability issues that may be
encountered.
Data collected for systems in the service ways of the OCCC where wireless signal strength is
less and data delivery quality must be high, should leverage the fiber optic network as much as
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possible. For representative monitoring of conference rooms and atrium areas, these sensors will
most likely be placed in the public-facing side of the convention center and not in the service
areas of the OCCC. As a result, the Wi-Fi network can be accessed much more easily and is
probably a better choice to use. Furthermore, by utilizing wireless sensor points for monitoring
of representative areas, the sensor points can be easily transported to different locations as
interest in these sample areas changes. For instance, a particular group of meeting rooms could
be monitored using wireless sensors such as, light illumination, temperature, relative humidity
and carbon dioxide for a time to investigate the nature of comfort or energy use complaints. But
once finished in one area, the sensors could easily be moved to a new location.
2.3

Data Storage

If one were to monitor only the 71 MSBs located throughout the North/South and West
buildings on a 15-minute interval, recording only the kWh used, one would collect 6,816 data
points a day. As additional energy channels are monitored and the archive of data grows, storing
the energy data points collected by the EIS in a way that allows flexible analysis and rapid recall
is important to make the system usable. The only practical choice is to store the information in a
relational database such as Oracle, Microsoft SQL, or MySQL. Currently, OCCC utilizes
Microsoft products (including Microsoft SQL Server) for a vast majority of their IT systems. As
a result, Microsoft SQL Server should be strongly considered as the data storage platform of
choice. This would allow for more timely and easy maintenance of an EIS system as it dovetails
with the existing expertise and support systems of the OCCC IT team.
2.4

Data Processing and Visualization

Once a pool of data exists, the exercise of understanding and displaying that data begins.
The data processing activity can be subdivided into two tasks:
1. Averaging and summing the data
Compacting 15-minute data points then presenting them in the form of tables, summary
graphs, and floor plan visual displays.
2. Alarms
Utilizing set points or alarm trigger-points for monitoring the current data points of various
systems and zones. Users should be able to configure alarm set/trigger-points if any of the
following situations occurs:
•
•
•
•

A minimum value is reached.
A maximum value is reached.
The rate of change of a point is exceeded or not met.
If any of the above occurs for more or less than a set period.

The preprocessing activity is important for the quick delivery of summary graphs for OCCC
administrative users. OCCC administrators are generally more interested in the “long view,”
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perhaps reviewing daily energy use at one-hour resolution (a graph displaying a default range of
one day or perhaps seven days). Support staff users may examine the data on a shorter time-step
and will most likely be looking at data within a more focused range (less than a whole-day). The
15-minute data will allow support staff users to see the impact of their system changes in a
relatively timely manner, thereby allowing them to make more precise system adjustments.
Data Visualization is where the “rubber meets the road” for an EIS. The data presentation
portion of the software generates a series of views that both the OCCC administrators and
support staff will use to monitor energy use and draw conclusions about their activities. A
password protected energy information portal accessed by any modern web browser would allow
authorized users to view the most recent data overlaid on top of facility maps as well as graphs of
historical energy data sorted by facility, building, zone, or even system. In addition to listing
near-real time or summarized data, the EIS should display suggested boundaries for the various
data views. These boundaries will aid a user in evaluating whether a current value or a given
trend is within the norm or performing poorly. Table 2, shown below, outlines some of the more
important views that the EIS should be capable of displaying. The type of display is shown with
a breakdown of how the data could be able to be grouped or organized and also the time scale
that the data should be able to be displayed. Data summaries should be available as graphic
charts and tabular data formats that can easily be copied into spreadsheets for more independent
analysis if desired.
Table 2. Type of display shown with type of area breakdown and time scale.
Display
Breakdown
Time Scale
Natural Gas vs. Time
Chilled Water vs. Time and/or Occupancy
MSBs, Occupancy vs. Time
MSBs, Meteorological vs. Time
Lighting vs. Time
Fan Coils, Occupancy vs. Time
AHUs, Meteorological, Occupancy vs. Time
Prop Fans, Meteorological, Occupancy vs. Time
Electricity Use
Outside Meteorological (Temp, R.H., Wind)

Total, Building
Total, Building
Total, Building, Zone
Total, Building, Zone
Total, Building, Zone
Building, Zone
Building, Zone
Building
Total, Building, Zone

Day
Day, Hour, Min.
Year, Month, Hour, Min.
Year, Month, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Most Recent Read
Most Recent Read
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EIS Deployment Strategy
Since there are a variety of different data points that need to be monitored, the energy service
channels listed above as well as any supporting data should be grouped in order of priority. The
EIS deployment strategy has been organized by placing different types of data collection points
into different levels of priority. The first levels (lowest number) are the highest priority that EIS
should begin with. Implementation of beginning level strategies must be a prerequisite to
implementation of higher levels. The four levels of EIS deployment strategy are shown below.
Level 0 (Base Factors)
Goal: Understand the environmental factors that affect energy use.
Monitoring Points:
• Outside Temperature
• Relative Humidity
• Wind Speed
• Wind Direction
• Building Occupancy
Uses:
• Environmental data is used by other data monitoring levels to help understand what
the impact on building energy use is.
Level 1 (Main Energy Service Channels)
Goal: Understand how much energy you are using in large areas.
Monitoring Points:
• Natural Gas Inlets (for each point in N/S and West buildings)
• Chilled Water (for each point in N/S and West buildings)
• Main Switch Boards (All 71)
Uses:
• Can review utility bills for accuracy
• Can assess sensitivity of energy consumption to weather and occupancy.
Level 2 (Representative Metering – Phase I)
Goal: Understand how energy is being used by service channels.
Monitoring Points:
• Energy use data from the Lutron system.
• Energy use data from theater and auditorium lighting systems (from regional MSBs).
• Representative HVAC (5-10% of units at the OCCC; look for AHU clusters).
Monitor chilled water, fan kWh, and heat kWh
• Representative floor transformers (~1 out of 10 units).
• Sub-metering of vendors (Kinko’s, food courts, and kitchens)
Uses:
• Can disaggregate HVAC energy use by end use.
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•
•

Can identify specific patterns of use by specific uses, and when energy consumption
is occurring that should be off or when energy consumption is high when
consumption should be low.
Can track energy savings that result from energy conservation measures, such as
recalibration of CO2 or relative humidity sensors.

Level 3 (Representative Metering – Phase II)
Goal: Increased understanding of how energy is being used by operational functions.
Monitoring Points:
• All AHU fans, chilled water lines, and reheat.
• Representative metering of fan coil units
• Representative lighting (one fixture per circuit in West building)
• Monitoring of circulation fans (exhibit hall, loading docs, kitchen, etc.)
• All floor transformers
• Representative monitoring of temperature, relative humidity, CO2, and illumination.
• Sub-meter kitchens
(focusing on large kWh consumers freezers, refrigerators, ice makers, electric ovens)
Uses:
• Increased ability to disaggregate energy by end use.

3.

Recommendations
The following recommendations are broken down into two categories: General
Recommendations and Commercial vs. Custom. The “General Recommendations” section
contains recommendations that should be considered during all phases of the EIS deployment
and independent of a commercial or custom EIS. The “Commercial vs. Custom” section
contains recommendations that should help OCCC management determine whether to select a
commercial or custom made energy information system. Finally, this report will include a list of
references that may be of interest (for background information) for the OCCC EIS deployment
team.
3.1 General Recommendations
Regardless of whether the Orange County Convention Center selects a commercially
available or custom made energy information system, one of the keys to a cost-effective and ontime installation is the creation of an advisory/deployment team. This team should be composed
of members of the OCCC administration plus staff from IT, HVAC, and physical plant. The goal
of creating this team is to have representatives from each system or activity that is being
monitored or affected in order to negotiate compromises in configuration and to spot potential
issues with system integration.
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Recommendation 3.1.1: The OCCC should create an EIS advisory/deployment team.
Whether the EIS uses a collection of its own sensors to gather energy use information or it
relies on information provided by other service control systems (building automation system,
lighting control, etc.) for data, there will be sensors employed to measure physical phenomenon.
Since the data provided by these sensors will be used to make decisions and adjustments to
energy using equipment, it is important that the data reported by them be reasonably accurate,
generally with rated accuracy of +3%. The OCCC EIS advisory team should think about
specific staff that will be used to perform calibration work and when this would occur.
Recommendation 3.1.2: The OCCC design and implement a sensor calibration plan.
In section 2.6 “EIS Deployment Options,” several levels of EIS functionality were described.
These levels describe EIS implementation options that range from monitoring base energy use
with “geographical” disaggregation to representative and higher levels of sub-metering. As one
progresses through each of these levels, more information is revealed, additional costs are
incurred (for software adjustments to hardware purchases and installation). The value of the
information from higher levels can be extremely valuable but only if someone is monitoring and
acting on it.
Recommendation 3.1.3: The OCCC should design and implement a plan that determines by
whom the EIS data will be used and how it should be acted upon.
Further, the outlined levels in the specification were written to allow expansion of EIS to
occur over time to accommodate limitations of labor and capital. That being said, a specific goal
must be set to reach a minimum achievable level at the initial launch for the EIS.
Recommendation 3.1.4: The OCCC should launch their EIS with a minimum of level 2
functionality.
An EIS utilizes a variety of software components (databases, application servers, etc) as well
as a vast number of hardware devices (sensors, data loggers, etc), and over time these
components may become obsolete. In order to resist obsolescence and maintain functionality, it
is important that the system collect, store and display data using commercially accepted open
protocols; examples include: BACnet, oBIX, and LONTalk for hardware devices. Similarly,
data storage should utilize a SQL-based relational database and leverage the power of XML to
exchange data among different systems. The use of open protocols and technologies will allow
the OCCC to transition and capitalize on new hardware and software tools as they become
available.
Recommendation 3.1.5: If a custom EIS is designed, then the OCCC should utilize open
protocols for data exchange and storage. If a commercial system is selected, the commercial
vendor should be responsible for verifying that it is compatible with these data protocols.
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3.2 Commercial vs. Custom
Because energy information systems provide useful analysis of building energy use and have
a relatively short payback period, they are becoming more and more a standard in the building
management industry. Though the technology employed is not complex, the complete integrated
system is still a relatively new concept for manufacturers who are constantly updating and
improving products (both hardware and software). Given the wide variety and configuration of
commercial buildings, the task of fitting a commercially available product to the specific
environment of a specific building can be a challenge. As a result, a wide range of products
(software and hardware) are available in the marketplace that offer a variety of levels of
monitoring and feature sets. Following, many organizations have viewed this complexity with
skepticism and have decided to look inward to design and implement a custom-made EIS
solution. In some cases, the components and programming tools used are commercially
available products, but the integrated system is unique.
The decision to determine whether a commercially available EIS or a custom made system is
better is difficult to make due to complicated factors. Each one has merits and drawbacks. In the
end, a commercially available EIS will offer a quicker deployment schedule and stability over
the long run, whereas a custom EIS will give OCCC complete control over the features,
associated costs, and equipment choices. In order to help guide such a decision, Table 3 below
lists several key differences between a commercial EIS and a custom designed one. It should be
noted that limitations stated in the table are only potential limitations. For example, while it is
stated that commercial EIS “Data may be stored in a proprietary format” there may be some
commercial EISs that do not store data in proprietary format.
Table 3. Comparison of Custom EIS to Commercial EIS Qualities
Custom EIS
Development Time

Hardware Options

Product Support

Data Storage

Commercial EIS

Longer development and
deployment time as software
must be designed, developed,
and tested.
The hardware used, is
completely chosen by OCCC
with no outside restrictions.

Available much more quickly
as software development is
largely done.

Continuing support could
become costly or unavailable
as integration partners move
on.
All data storage options are
available as software is made
to customer’s specification.

Consistent support from
product vendor available;
possible support contract may
be needed.
Data may be stored in a
proprietary format.

Possibility of being limited to
only certain hardware
components.
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Updates/Upgrades

System improvements must be Access to updates as product
imagined, designed, and
vendor releases them and
created by OCCC.
technology evolves.

Data Collection

Data could be collected in
whatever manner is decided
because design decisions are
made by OCCC.
Possible risk of software
implementation/development
delays, cost overruns if project
is not developed effectively.
Paying for exactly the features
you want; no more, no less.

Project Management

Features

Could possibly be more
expensive to collect certain
forms of data due to product
restrictions.
System integration is a known
risk due to pre-imposed
requirements.
May not get features you want
or you may get features you
don’t want due to fixed
product packages.

As you can see from the table above, the relationship between features and risk are at the
core of any EIS project. Each organization must determine a mix of these attributes that they can
live with.
Since costs are an important consideration, some estimates are made here to allow a relative
comparison between systems that are designed to meet the level 2 deployment strategy. Given
the large number of data points and variety of sensors and vendors that could be used, these
estimates are speculative and are based on specific assumptions as well as cost estimates from
commercial vendors that were taken from general sales literature and do not reflect an exact
configuration cost.
This comparison assumes that the hardware costs are the same, although some commercial
packages may have specific hardware requirements that could elevate the cost significantly. The
estimated hardware costs for equipment and labor to install could be around $236,339. Based on
communication with 3 companies that offer commercially designed EIS, the software associated
cost of a commercial system could be about $50,000 and possibly up to $100,000. The cost of a
custom developed system may be about $348,759 with a range from $100,000 up to $500,000.
Estimating the software developed cost is difficult due to issues previously mentioned such as
skill of programmer to develop a well-designed versatile system capable of long-term upgrades.
The cost of future program development and upgrades must also be considered and are difficult
to predict. Three companies are shown in Table 4 in a product comparison matrix. These
companies are not being endorsed or suggested, but are offered as an examples of types and
range of commercial system qualities. An “X” indicates qualities that were able to be confirmed
during the time of inquiry. Some information was only able to be obtained through websites as
requests for personal communication were not returned, therefore an exclusion of a particular
quality does not guarantee the product does not have that quality.

13

Table 4. Product comparison matrix of three companies
Stark
Reality

Web-based interface
Works with Microsoft Products
Supports collection from third-party devices.
Consumption and demand analysis
Alarm and notification tools
Report generation
Interoperability with BASs

X
X
X
X
X
X

Tridium
Vykon
Energy
Suite
X
X
X
X
X
X

Itron
Energy
Management
Suite
X
X
X
X
X

The qualities of each system have merit and even a higher cost may be palatable if the
associated benefits are worth it. While there is no way to know for certain how much an EIS will
save in energy, estimates have been cited that when designed and used effectively, an EIS can be
a useful tool to reduce energy use by 5%-20%. Savings of 5% at OCCC could be worth a value
of $550,000 per year. Savings of 5-%10% are very conceivable given the numerous amount of
high energy consuming pieces of equipment that are controlled by people based upon event
schedules.
The labor expense saved from using the EIS instead of manual labor to download daily
energy data, sort and analyze should also be considered. Assuming that only data up through
level 1 was manually analyzed and that it only took 1minute per day to access and organize each
measurement point, the labor hours could be on the order of 900 person hours per year, which
does not include time to create basic graphs and summaries. Total time per year spent could be
about 1,260 person hours per year at $25 per hour which equates to $31,500 per year. This does
not include time for detailed analysis and the manual approach is more open to quality control
problems since there it requires more manual inputs into data organization.
3.3 Commercial Energy Information Systems
Once a commercial EIS system is selected and a deployment schedule created, it is important
to receive an accurate estimate of not just currently planned phases of deployment, but also
possible future additions to the EIS. These additions could take place several years after the
initial deployment and could be completed in-house or require a contractor’s help.
Recommendation 3.3.1: The OCCC should have a complete list of features for the EIS
grouped by the phase of implementation. Gather supplemental quotations for software and
hardware modifications that are part of deployment phases that occur after the initial launch
of the system.
More than likely, an EIS vendor will provide a list of hardware that their software product
can work with. It is important to evaluate the cost of these components relative to similar
component that the vendor may not support. More costly sensor or communication equipment
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that works with a given commercial EIS may dramatically raise the total cost of ownership
(TCO) for a given commercial product.
Recommendation 3.3.2: The OCCC should evaluate commercial EIS vendor’s commitment to
support software and closely scrutinize its supported hardware list against other competing
hardware.
The commercial EIS market is a rapidly growing one, with a majority of the growth
happening in the past few years. The pace of this growth is not showing any signs of slowing.
Even if a selected EIS has all of the requested and desired features at the time of launch,
upgrades to the system to fix bugs and add functionality will need to be implemented from time
to time.
Recommendation 3.3.3: The OCCC should investigate and consider any software
insurance/upgrade pricing and availability. These costs must be included in any TCO
calculations.
In many cases, companies that use commercial software packages will request small
adjustments to the software for their ease of use or for presentation style. Some EISs allow endusers (e.g., OCCC employees) to customize the system without the aid of the commercial EIS
developer. A prime example would be to adjust a report to include certain information or change
the way information is displayed on a report. An API (application programmer interface) would
allow OCCC employees and contractors the ability to change EIS functionality, develop new
analysis programs for special projects and generally extend the base EIS product.
Recommendation 3.3.4: The OCCC should look for commercial EIS packages that provide
APIs (application programmer interfaces) or other tools that allow the EIS to be adjusted by
OCCC staff after the system integrator/installer has completed the job.
3.4 Custom-Designed Energy Information Systems
If a commercial EIS package is not used, the EIS must be custom-designed. For many, the
ability to choose exactly the parts, features, and tools used to construct something new is
paramount to any other project factor. The ability of a custom EIS to provide exactly the tools
and functionality that is wanted is an exciting attractive prospect. However, more flexibility
requires more decision making, and there are significant risks as well. When building a customdesigned EIS, the tasks break down into two areas: hardware and software. The hardware tasks
involve choosing, installing, and connecting sensors and other information gathering devices.
The software tasks involve writing programs to interrogate hardware (or glean data from the
BAS), performing numerical analysis, and data management/presentation.
Recommendation 3.4.1: The OCCC should look for a system integrator that demonstrates not
just a strong hardware or software background, but one that is balanced in both fields.
When building an EIS from scratch, a majority of the time will be spent in software
development. Selecting an individual or group to develop your EIS software is a critical task. It
will be important to assess their ability to create a product that will effectively execute the list of
required tasks. The task of writing a large and complex program such as would be required to
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perform all the EIS data processing and display tasks, will be a challenge. Considerable oversight
of the product development is likely to be required on the part of OCCC management.
Furthermore, designing software with expansion capacity takes experience and a great deal of
planning. The downside to poor-software development practices are longer project timelines and
additional unplanned programmer expenses. For example, while the first release of a software
application may be developed in a cost-effective amount of time, poor design and coding can
cause difficulty in later stages when expansion and bug-fixes are required. Additional costs for
the development of later releases (or stages) of a software project are incurred when/if the
development team is changed. A new software developer will have to spend additional time
trying to understand how a particular piece of software was designed (in the absence of good
software documentation) and the code changes may require additional time to architect and test
(if good software design practices were not followed).
Recommendation 3.4.2: The OCCC should task an employee (or hire a consultant) to act as a
software project manager. This person should be well versed in software engineering
practices and help the OCCC make sure that the software developed as a part of any designbuild contract is developed properly.

4.

Conclusions
A strong argument can be made for selecting either a commercial or custom-made EIS. The
decision hinges on an agency’s desire for turn-key operation or whether it feels it needs the
added flexibility to control all aspects of the design and construction of an energy monitoring
system. The key in either case is to spend as much time as possible planning and thinking about
not only the current needs, but also any future needs. Review of the information from sources
cited in the following references section is strongly encouraged for details and examples of EIS
in other applications.

5.
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1.

Introduction
In an effort to reduce energy consumption, the Orange County Convention Center (OCCC)
began implementing several energy conservation measures beginning in 2005 and continuing
over the last two years with plans to continue additional efforts in the future. Billing energy
analysis, adjusted for weather, indicated about $2.2 million are being saved annually from the
conservation measures completed since 2005; however, monthly billing data of very large
buildings (especially those containing significant variability in usage) does not provide the
needed resolution to accurately determine the impacts of individual conservation measures. As a
result, the OCCC considered implementing an energy information system (EIS) as a means to
provide valuable information regarding energy use that can be used to improve evaluation of
conservation measures.
General information about the type of data that is desired to be obtained from the EIS as well
as the users objectives are discussed as background information that is related to the specific
qualities the EIS must have. A system overview is also provided that discusses operational
scenarios, constraints, and a deployment strategy. The functional requirements of the EIS are
stated in the last section of this specifications report.

1.1 Background
The OCCC to date is composed of facilities that were constructed in six phases over a span
of nearly 20 years if Phase 2a is counted separately. For ease of discussion, however, we will
consider that there are only five phases. The facility is housed in two buildings. The West
building which contains Phases 1 through 4 has 4.1 million square feet of floor area. The
North/South building, which is Phase 5, contains 2.8 million square feet of floor area. Each
building has exhibit halls (about 1.1 million square feet in each building), meeting rooms,
concourse (or atrium), and support space. Because the building and the heating, ventilation, and
air-conditioning (HVAC) systems were constructed in stages from 1984 to 2002, a variety of
building control and automation systems exist to regulate the indoor environment. These
systems control lighting, audiovisual, and perhaps most importantly HVAC.
One of the chief characteristics of the OCCC facilities is that they are designed for very high
occupancy, but operate at those high levels of occupancy for limited periods of time. There are
significant periods of time when a building may be largely unoccupied. There are other periods
when events are scheduled, but only a portion of the building is occupied. Furthermore, even
when substantially occupied, the occupant density may fall short of the design density. In each of
these circumstances, there are opportunities to reduce energy consumption by shutting off
equipment and systems, changing control intensity levels (e.g., temperature and light intensity),
and reducing ventilation rates. This last item represents a large portion of the total chilled water
consumption in the building.
An energy information system will allow both OCCC administrators and support staff to
view, in a near-real time basis, where and how energy is being used throughout the convention
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center in addition to identifying opportunities for energy use and demand reduction. The EIS will
display energy usage, outside environmental conditions, as well as occupancy information
(measured in occupied-square-feet or OSF) versus time or spatially. Information would be
viewed using a variety of graphical displays such as simple line graphs or possibly overlays of
floor area maps with summarized information. Displays such as these would allow users to
assess a large volume of energy information quickly and easily. The following table outlines
some of the more important views that the EIS should be capable of displaying. The type of
display is shown with a breakdown of how the data could be able to be grouped or organized and
also the time scale that the data should be able to be displayed. Data summaries should be
available as graphic charts and tabular data formats that can easily be copied into spreadsheets
for more independent analysis if desired.
Display

Breakdown

Time Scale

Natural Gas vs. Time
Chilled Water vs. Time and/or Occupancy
MSBs, Occupancy vs. Time
MSBs, Meteorological vs. Time
Lighting vs. Time
Fan Coils, Occupancy vs. Time
AHUs, Meteorological, Occupancy vs. Time
Prop Fans, Meteorological, Occupancy vs. Time
Electricity Use
Outside Meteorological (Temp, R.H., Wind)

Total, Building
Total, Building
Total, Building, Zone
Total, Building, Zone
Total, Building, Zone
Building, Zone
Building, Zone
Building
Total, Building, Zone

Day
Day, Hour, Min.
Year, Month, Hour, Min.
Year, Month, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Day, Hour, Min.
Most Recent Read
Most Recent Read

In order to be able to display useful energy data in a timely manner, the construction of an
energy-monitoring network is essential. Energy monitored at locations such as switchboards,
that provide service to large areas and to many types of equipment, would provide general
energy information that can be referenced spatially. This level of monitoring only allows
evaluation of large areas without any feedback about what equipment is using energy and when
it is used. Monitoring specific equipment (such as lighting relay panels and HVAC equipment)
provides more useful information about what is using energy and when it is used. In addition to
collecting sensor information, an existing event management system can be queried to determine
the Orange County Convention Center’s occupancy data both immediately as well as
historically. All of the sensors and occupancy information would be collected by leveraging an
existing communications network. The reported data will be collected in a central data storage
server where the data will be stored and processed for display.
1.2 User Characteristics and Objectives
If one divides the OCCC employees responsible for facility operations into three groups,
administrators, support staff, and IT staff; one will have two pools of employees whose goals are
similar (the complete understanding of and reduction in OCCC energy use) but divergent in how
they achieve their goals. The third group, IT staff, will be interested in energy use, but is more
importantly identified for their role in the development and support of the EIS. Whether a user
of the OCCC’s energy information system is an administrator or support staff, the goal of the
information being displayed is the same. The system must inform the user about energy use by
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facility or system and as a function of time, space, and occupancy. This information is critical in
order to better understand the energy expenses of utilizing the convention center as well as the
impact of current and prior conservation activities of the various key support systems.
OCCC Administrators
Members of this group are characterized by a strong understanding of the day-to-day
activities required to operate the center but may not have a complete knowledge of when specific
activities occur. They can be expected to have a good technical background and have a strong
understanding of the role the various building control systems.
OCCC administrators would like to understand energy use on a facility-wide scale. Perhaps
most helpful to administrators, is the ability to compare current energy use against a similar
period in the past by examining energy use as a function of outdoor temperature and occupancy.
This could be particularly useful in determining impact of energy conservation measures. The
EIS could also help administrators better understand the energy costs for each of the stages in
visitor/event participation. Viewing energy use by building-zone could be used to help
administrators learn how different customers use spaces and perhaps lead to improved
scheduling to optimize energy use. For example, a gathering of a large group that has high
variability in occupancy during different times of the day would have great demand for
ventilation air part of the day and very little during other times. Scheduling this event in areas
that have demand-controlled ventilation would minimize chilled water costs of conditioning
outside air. Electric costs associated with fan power may also be reduced if spaces have variable
air volume controlled fans. Some customers may have uncharacteristically large energy use
profiles that could be identified and perhaps justify adjusted charges.
OCCC Support Staff
Members of this group are characterized by a strong technical understanding of the building
support systems that they work with. They have knowledge about the day-to-day operations of
these systems as well as have a good background in the construction and previous maintenance
performed on these systems.
OCCC support staff view energy use similarly to administrators with the exception that they
usually are more focused on a specific sub-system (such as lighting, HVAC, or electrical
distribution). In addition, support staff will most likely be interested in viewing data in near-real
time whereas administrators are more interested in viewing data from previous days. Support
staff is more likely to benefit from views of the energy use of a specific system or a group of
systems rather than a sum of all energy loads. Their time frame for viewing this data is much
shorter and will most likely be within the same day. Another key difference is that support staff
have the added burden of sometimes increasing energy use to meet a visitor’s request for comfort
conditions. The energy information system could help staff explain causes for increased energy
usage to administration using knowledge gained by observing in near-real time the electrical and
chilled water. For example, a customer may request that the space temperature be lowered for
their event. While this added reduction in temperature increases HVAC energy use, the business
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goals of satisfying customers may lead to expending that energy. In this case, any energy use
information would be merely for the understanding of the current consumption rate.
OCCC IT Staff
Members of this group are characterized by a strong technical understanding of the facility’s
communication infrastructure, server architectures, and applications support. This group of
employees will be able to support the EIS system from construction through deployment.

1.3 Energy Consumption at The Orange County Convention Center
Energy is consumed at the Orange County Convention Center through a variety of channels
provided by several utilities and delivered as:
•
•
•

Natural gas
Electricity
Chilled water

(N/S Bldg. uses OUC & W Bldg. uses Progress Energy)
(most chilled water is purchased from OUC, 1, 600-ton chiller plant in the
West building is owned and operated by OCCC)

The energy sources are diverted into several service channels:
•
•
•
•
•
•
2.

Food preparation and service
HVAC
Lighting
General building power
Plug loads
Service Providers (Ex. Kinko’s)

electricity and natural gas
electricity, natural gas, and chilled water
electricity
electricity
electricity
electricity

System Overview
Though an EIS can be designed and deployed in a variety of configurations, constraints must
be put in place in order to produce an EIS that will be highly effective in the OCCC business
environment. The following sections will examine, briefly, how the EIS is to be used as well as
the featured configurations that need to be met.
2.1 Operational Scenarios
A user of the EIS system will interact with the system in two main ways: through passive
alert messages and through active use of an EIS web portal. Once data has been collected and
processed, one of the key features of any EIS system is the ability to create alarm set points for
the various monitored channels. In the event that one of the channels reaches an alarm state, a
message is sent to one or more people advising them of the situation. It is important that this
alert message be transmitted in such a way as to immediately notify those who are interested in
5

this situation; some common venues for alerting employees are through emails, SMS (text)
messages, and numerical pages.
Perhaps most often, OCCC employees will interact with the EIS system through a web portal
that presents both raw data that has been collected as well as summary (or processed) data.
Through a variety of views, users will be able to see energy use facility wide, by building, by
zone, by system, and by energy form (electricity, chilled water, and natural gas). The
information being displayed should be presented in a number of ways including graphs, tables,
and graphical overlays of building floor plans.
In addition to viewing data online, the EIS system must be able to generate reports about the
energy use it is recording. Users should be able to logon to the EIS web site and download (PDF
format is suggested) printable reports that can be archived and shared with other agencies. These
reports will offer readers monthly or yearly summaries of the energy use at the OCCC in addition
to highlighting any energy use trends and the frequency with which alarms are triggered.
2.2 Constraints
EIS Core
Perhaps the most important constraint in the construction of an EIS system for the OCCC is
the computing platform that serves as the core of the EIS system. Since the information
technology support team at the OCCC primarily runs Microsoft products (including SQL Server,
IIS, etc), the software and data storage system that is constructed for the EIS core should be built
upon Microsoft technology. This requires that the data storage schemas should be designed
around SQL server capabilities. The web development language ASP should be strongly
considered when constructing the web based views; this entails a familiarity with ISS (the
Microsoft web server). This constraint is important, as OCCC IT staff will be the front line
responders for any EIS system deployment and maintenance issues.
Communications Infrastructure
The OCCC has two main communications infrastructure options for the EIS to use, wireless
802.11b/g (Wi-Fi) (as provided by SmartCity Wireless) and pre-installed fiber optic lines. While
the wireless network is very pervasive throughout both buildings of the convention center, a
casual measurement of wireless signal strength in the various electrical rooms shows that it
varies widely from very strong to almost unusable. Though Wi-Fi offers convenience of
deployment, a more reliable option would be to use the pre-existing fiber optic lines to
communicate sensor data back to the central data storage server as it is secure, and the signal
quality never fluctuates.
When selecting a data communications infrastructure, a chief concern is security; though the
energy data does not need to be secured, the data storage, processing, and visualization
computers will most likely be placed on a protected network. In the case of fiber optic, the data
will never have to travel between an unsecured and a secured network. Wi-Fi, since it travels
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through an externally controlled network, could have firewall and reliability issues as well as
create security issues.
Data collected for systems in the service ways of the OCCC where wireless signal strength is
less and data delivery quality must be high, should leverage the fiber optic network as much as
possible. For representative monitoring of conference rooms and atrium areas, these sensors will
most likely be placed in the public-facing side of the convention center and not in the service
areas of the OCCC. As a result, the Wi-Fi network can be accessed much more easily and is
probably a better choice to use. Furthermore, by utilizing wireless sensor points for
representative monitoring, the sensor points can be easily transported to different locations as
interest in these sample areas changes. For instance, a particular group of meeting rooms could
be monitored using wireless sensors such as, light illumination, temperature, relative humidity
and carbon dioxide for a time to investigate the nature of comfort or energy use complaints. But
once finished in one area, the sensors could easily be moved to evaluate a new location.
Monitoring Equipment
In most cases sensors will have to be added to monitor the various service channels (listed
above). Since these sensors will be selected during the design phase of the OCCC’s EIS project,
any constraints on sensor type will be discovered at that time and are beyond the scope of this
specification. However, there are some existing known constraints; for example, the variance in
the types of main switch boards in use at the OCCC will require different interfaces for each
type. In some cases the main switchboards will require a propriety interface (RS-485 in some
cases) to interrogate integrated energy monitoring equipment or even require an in-line or CT
type sub-meter.
MSB Metering
No Meter Data
Watt-Hour data
W-H & Power Quality Data

# of MSBs
8
8
55

Manufacturers
General Electric
General Electric
General Electric, Siemens, Square D

Currently, there are several building automation systems (BAS) being employed at the
OCCC. The N/S building uses a relatively new Johnson Control system and the west building
uses a small collection of BASs that are expected to be replaced with a yet to be determined
single BAS. Though interrogating a BAS can be challenging, depending on the manufacturer, a
great deal of information can be obtained. Energy and environmental data should be obtained
from OCCC’s building automation systems whenever possible.
2.3 Energy Information System Deployment Strategy
Because of the scale of the project, the deployment of an EIS should be in two parts; the first
phase would monitor key aspects of the facility’s energy use and the second phase would add
additional sensors and capabilities in order to provide more detail about the energy use at the
OCCC.
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Basic Configuration Monitoring (Phase 1)
•
•
•
•
•
•
•
•
•
•
•

Outside temperature
Outside relative humidity
Outside wind speed
Outside wind direction
Building occupancy (from OCCC reservation system)
Natural gas inlets (2 monitoring points)
Chilled water (2 monitoring points-1 at West and 1 at N/S)
Main switch boards (71 monitoring points, power utilized by CEP must be able to be
accounted for separately)
Lighting Energy use data from Lutron system in N/S
Representative Air Handler Units (90 monitoring points; 30 units x chilled water, fan kWh,
heat kWh)
Representative sub metering of vendor areas (12 monitoring points; 2 Kinko’s, 5 food courts,
and 5 kitchens. Monitor equipment having greatest energy potential)

Complete Configuration Monitoring (Phase 2)
•
•
•
•
•
•
•
•

3.

ALL of the “Base Configuration Monitoring of Phase 1”
ALL Air Handler Units (1092 monitoring points) 266 AHU West, 98 AHU N/S
chilled water, fan kWh, and heat kWh at each AHU
All Large Exhaust Fans (EF) (exact number of monitoring points TBD by OCCC)
N/S exhibit hall EF, loading dock EF, N/S and West kitchen EF and restroom EF
ALL Floor transformers (exact number of monitoring pointsTBD by OCCC)
(approximately 162 monitoring points) Approximately 75 in N/S + 87 in West.
Representative fan coil units (35 monitoring points) (15 N/S + 20 West)
Representative lighting West ( number of monitoring points TBD by OCCC)
Monitor locations at: 3 exhibit halls, 25 meeting rms representing rooms on levels I-IV as
well as Lobby C area levels II and III
Representative temperature, relative humidity, CO2, and illumination (56 monitoring points)
N/S-6 zones (24 pts);1 mtg.rm per side and level=4 + 1 N + 1S concourse.
West-8 zones (32 pts)1 mtg.rm. level I, 2 mtg. rm level II and III= 5 + 3 concourse zones.
Sub-Meter large kitchen appliances (exact number of monitoring points TBD by OCCC)
Monitor electric energy of consumer freezers, ice makers, electric ovens.

Functional Requirements
The following section outlines specific requirements that an EIS for either the base or
complete configuration must meet. Largely, these requirements deal with the software aspects of
the energy information system; specifically the functionality it must make available to its users
as well as performance related requirements.
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Requirement #:
Dependencies:
Description:

Comments:

Requirement #:
Dependencies:
Description:
Comments:

Requirement #:
Dependencies:
Description:
Comments:

Requirement #:
Dependencies:
Description:
Comments:

1
None
The EIS must be able collect and store data from as many types and number
of sensors specified in the “complete configuration monitoring” found in
section 2.3.
Sensory data is a key component to any EIS. The sensors specified in section
2.3, regardless of their deployment schedule, have been specifically selected
to yield data that will allow OCCC employees to understand their facility’s
energy use best. Companies that are bidding on this RFP to build the “base
configuration” must design their systems so that future expansion to the
“complete configuration” is easily accomplished.
2
1
The EIS should be able to interrogate BASs in use at the OCCC to obtain
environmental and energy data.
A great deal of energy and environmental data is already being collected by
buildings automation systems. In order to keep costs down for hardware
components and installation costs, EIS software should be able to interrogate
these BASs and extract useful data. In some cases, the data from BASs is
only available through reports generated periodically. The delay in the issuing
of these reports may reduce and EIS’s ability to report data in a timely
manner.
3
1 and 2
The EIS must be able to store the 15 minute raw data as well as other
summary data (hourly, monthly, yearly) for a period of no less than 10 years.
Though data storage is relatively inexpensive, storing high resolution data for
a number of sensor points over a number of years can take up a great deal of
storage space and in some cases, slow down data processing. It is important
that this “high-resolution” data be preserved. A company bidding to construct
an EIS for the OCCC must design the system to be able to store and processes
data on this scale.
4
1 and 2
The EIS must be able to record measured readings on a 15 minute interval and
make that data point available immediately after recording.
An EIS at the OCCC must be able to display data for phenomenon as soon as
the event took place. This functionality is important to allow OCCC
employees the ability to adjust building controls or test new hardware and
understand the energy use of such changes shortly thereafter. It should be
noted that the data obtained from some BASs might be only available
periodically and therefore not available every 15 minutes.
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Requirement #:
Dependencies:
Description:
Comments:

Requirement #:
Dependencies:
Description:
Comments:

Requirement #:
Dependencies:
Description:

Comments:

Requirement #:
Dependencies:
Description:
Comments:

Requirement #:
Dependencies:

5
1, 2, 3, and 4
The EIS must preprocess collected data so that daily, weekly, monthly, and
yearly averages are rendered more quickly.
Since the two main audiences for the EIS at the convention center will most
likely deal with data on different time scales, the EIS must be able to serve
both with a minimal amount of delay. By pre-processing 15 minute data into
hourly, daily, weekly, and monthly averages, this will allow the EIS to render
displays on these different time scales more quickly.
6
1, 2, 3, 4, and 5
The EIS must be able to correlate BAS, sensor, occupancy, and outside
environmental data.
Since the EIS will use data from a variety of sources, it is important that the
system be designed so that it can correlate data from these different sources as
well as understand the relationships between data points. For example, it is
important that energy use is able to be correlated to outdoor temperature and
occupancy. These correlations are important in order to calculate “normal”
value ranges as well as in designing the user interfaces and graphing tools.
7
1, 2, 3, 4, and 6
The EIS must be able to determine “expected normal values” for various
sensor channels to guide users as to whether a certain energy use profile is
expected given occupancy and outside environmental conditions.
Though OCCC employees are very good at knowing what consumption rates
their equipment should be using, the relationship between the outside
environment, occupancy, and other equipment use factors can sometimes be
hard to determine. Therefore in order to guide users, the EIS should weight
these external factors and calculate a rough energy use normal range for
various energy use service channels; for example HVAC components.
8
1, 2, 3, and 4
The EIS must be able to characterize data on the facility, building, zone, and
sub-system scales.
This requirement can be achieve through the use of virtual meters or actual
sensors. This requirement is particularly useful to OCCC administrators who
will primarily look at energy use as compared with occupancy.
9
1, 2, 3, 4, 5, and 6
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Description:

Comments:

Requirement #:
Dependencies:
Description:
Comments:

The EIS must be able to display data and through the use of graphs, tables,
and graphical overlays of building floor maps through a web interface and in
periodic reports.
Since a majority of the EIS’s use will be casual, graphical displays are
important. Graphic summaries can help with trending but the overlays with
floor maps are key to viewing energy use in real time.
10
1, 2, 3, 4, 6, and 8
The EIS must allow users to configure alarm set points to monitoring energy
use patterns.
Alarm set points should be configurable to send notifications if: a minimum
value is reached, a maximum value is reached, the rate of change of a point is
exceeded or not met, and if any of the above occurs for more or less than a set
period.

Requirement #:
Dependencies:
Description:

11
1, 2, 3, 4, 6, 8, and 10
The EIS must be able to generate passive messages such as (email and SMS
text) to alert users if an alarm condition is met.

Requirement #:
Dependencies:
Description:

12
1, 2, 3, 4, 5, 6, 7, 8, 9, and 10
The EIS must be able to generate monthly and yearly (printable) reports of
energy use and alarm set-point usage.
Printable report that outline activities on a monthly and yearly basis are import
for the OCCC because it allows them to easily share their energy use
information with other agencies and the Orange County Government. It is
strongly recommended that these reports be made available as downloadable
PDFs.

Comments:

Requirement #:
Dependencies:
Description:
Comments:

13
1, 2, 3, 5, and 8
The EIS should provide a facility to export the raw data collected from the
various sensors to a CSV or MS Excel file.
Occasionally, the OCCC may have cause to require more detailed analysis of
the energy use information collected by the EIS. To aid in this analysis, the
data should be exported into a flat file that can be used with analysis tools
such as MS Excel, Mathematica, or MATLAB.
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